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Energy-Dispersive Analysis Using DTSA

Summary

Thismanual covers qualitative and quantitative energy-dispersive analysis using the Macintosh program
DTSA. A brief discussion of microanalysis and the nature of x-ray correction is provided. The directory
structure pertinent to the DTSA program area on the SEM Macintosh is outlined. The requirements for
guantitative analysis are covered (both sample and instrument requirements). Step by step instructions are
given to help you set up a quantitative analysis run using DTSA, including setting up the Camscan SEM for
analysis, and detailed procedure for configuring the DTSA program for quantitative analysis using preset
files and the Citzaf correction program. The output format of the Citzaf program is also described.

I ntroduction

The Camscan Series || SEM is equipped with a Macintosh system that has digital imaging, x-ray mapping,
and EDS analysis capabilities. The Link-4Pi system consists of aLink EDS detector with beryllium and
thin window modes, an Oxford 2040 pulse processor, a4Pi scanning interface unit, and the 4Pi Spectral
Engine multichannel analyzer board in the Macintosh. This system can acquire digital secondary-electron
and backscattered-electron images, digital x-ray maps, and can also be used for quantitative energy-
dispersive analysis.

Quantitative EDS analysis is accomplished using the NIST program DTSA for the Macintosh. This
program turns the Macintosh into a multichannel analyzer that has EDS acquisition capabilities via a plug-
in that drives the 4Pi and Oxford electronics. The program has many capabilities, including multiple linear
least-squares (MLL SQ) and Simplex peak fitting routines, EDS modeling procedures that allow generation
of EDS spectrafrom first-principles calculations, and x-ray correction procedures using the Citzaf, NIST
ZAF, standardless, and other correction algorithms.

Digital imaging and x-ray mapping is accomplished using the National Institute of Health Image program
(NIH Image) for the Macintosh, using plug-ins that interface to the 4Pi electronics. This program is
described in a separate document, and there is also a manual for NIH Image.

Documentation

There are two manuals which cover the DTSA program and EDS analysis. This manual covers many of the
step by step details of setting up DTSA for quantitative analysis. Y ou may make a hard copy of this
manual either from the paper master, or from the disk-based copy located in the DTSA/Documentation
directory.

The NIST DTSA manua covers many aspects of the DTSA program. Thereis a paper master copy, as well
as a DocMaker stand-alone application, and a Word version of this program (with corrections). The DTSA
manual contains a bibliography with the landmark papersrelated to EDS analysis and x-ray physics.

Feel free to copy the disk-based versions of the manuals.
You really do need to read the manuals befor e attempting to intelligently use the DT SA program.

The program iswritten by scientists and does not conform to the Macintosh user interface guidelines,
but it isby far the most powerful EDS analysis softwar e available.



DeskTop Spectrum Analyzer (DTSA)

The DTSA program turns the Macintosh into an energy-dispersive multichannel analyzer system, allowing
one to acquire and process EDS spectra. The system also enables one to model the EDS detector and
generate spectra from first-principles physics, perform multiple linear least-squares (MLL SQ) and simplex
deconvolution of spectra, convert and process WDS (wavel ength-dispersive spectrometer) spectra, and
perform ZAF x-ray correction using the NIST and Citzaf correction schemes. Many other capabilities exist
and will not be covered here.

We have asitelicense for DTSA here in the Division of Geological and Planetary Sciences at Caltech, so
GPS folks can legally make a copy of the program and use it on their own Macintosh (Currently the
program is a native-PPC application). A compressed distribution version of DTSA isavailablein the
Distribution folder. Feel free to download the program and process spectra yourself.

Concept -- Energy-Dispersive Analysis

Here isadiscussion of what qualitative, semi-quantitative, and quantitative analysis mean. You are
expected to educate yourself about much more than is described here. Seethe referencelist in the SEM
manual. and the DTSA manual for references related to microanalysisin general, and EDS analysisin
particular.

Qualitative analysis

Qualitative analysisis a procedure by which you determine the presence or absence of one or more
elementsin asample. For x-ray spectrometry, elements that are present produce characteristic x-ray peaks
(the size of which is proportional to the concentration of that element in the sample), while elements that
are absent obviously do not produce any peaks. Based on inspection of the peak intensity (or calculation of
X-ray counts per unit time), arough estimate of the concentration of these elements can be made (i.e.
“mostly Si, very little Fe”, etc.). An approximately linear relationship between intensity and concentration
exits for narrow ranges of x-ray energy, but not for large energy differences or between x-rays of different
families. One can compare the spectrafrom different areas of a sample by superimposing the spectraand
noting which elements have a higher or lower peaks; if the spectra are from the same phase then the peak
difference is approximately equal to relative concentration. Qualitative analysis does not yield numerical
values for the concentration of element(s) in the sample. When you acquire an EDS spectrum and just
identify the peaks, you are doing qualitative analysis.

Semi-quantitative analysis

Semi-quantitative analysis builds on these concepts by placing an estimate on the actual concentration of
the element(s) in the sample. This estimate may only yield an approximate concentration or a
concentration with an uncertainty that is rather large. So-called standar dless analysisisatype of semi-
guantitative analysis, in which EDS reference spectra are collected by the manufacturer and stored in afile
that is used during analysis. The spectratypically are acquired on a different instrument with a different
EDS detector (having a different window), with a different x-ray take-off angle, possibly at a different
accelerating voltage than what you might be using at the time of analysis. Differences between the
conditions in effect when these standard spectra were acquired and when you acquire your spectra are
corrected for using algorithms of varying accuracy. Sometimes first principles physics calculations are
used to determine what the spectrum should be, and reference spectra are not used at al. The vast majority
of SEM’swith an EDS system are in fact using these standardless analysis packages. The accuracy of
analyses performed on these systems can range from quite good (steel systems, for example), to adequate,
to very bad (light element analysisin particular). The analysisisamost aways summed to 100% because
the relative intensities have to be normalized as part of the procedure. This leads many usersto conclude
that the analyses have high accuracy, when in fact they do not. Standardless analysis should be employed
when afirst approximation is desired prior to more rigorous methods, or when the user is satisfied with an
approximate number, but one should be wary of the accuracy of the results. At aminimum, the



standardless analysis system should be checked out by analyzing a standard phase (of known composition)
as an unknown, and comparing the resulting analysis with the accepted composition.

Quantitative analysis

Quantitative analysis is a procedure by which the elements present in a sample are assigned concentration
values based on the known compositions of standards that have been analyzed under the same conditions as
the samples (although not necessarily at the same time). The quantitative analysisis performed as follows.
Theintensity of acharacteristic x-ray peak for a chosen element is measured on a standard (that usually
contains alarge concentration of the element to be analyzed), which has no interfering peaks (Al,O; is used
for Al Ka, for example). For EDS analysis this might entail acquiring an EDS spectrum on Al,O;at an
accelerating voltage of 15KV, an absorbed current referenced to 400 pA on Fayalite, and a count time of
100 seconds. The spectrum isthen digitally filtered to suppress the background due to continuum x-rays,
and the Al Ka peak region is selected as the Al Kareference, and stored to disk for later use. The other
references are obtained from their respective standards in the same way.

All the references are loaded into memory when it istime to analyze a sample. An EDS spectrum is
acquired on the sample, using the same accel erating voltage, probe current, and x-ray takeoff angle, but not
necessarily the same count time. This spectrum is also digitally filtered to suppress the background. Then
the characteristic x-ray peaksin the sample spectrum are fitted relative to the reference spectrafrom the
standards using the multiple linear least-squares fitting technique. Thisyields apeak areafor each peak on
the sample and the standard. A small peak areais observed for an element that is present at low
concentration in the sample, and alarge peak areafor an element that is present at a high concentration.
The so-called K-ratio is then calculated for each element by ratioing the background-corrected peak
intensity (P-B) obtained from the sample by the same quantity measured on the standard:

K= (P_B)sample/ (P_B)standard

The K-ratio isthe relative intensity for the x-ray line of this element measured on the sample compared to
the standard. ThisK-ratio isthen used as the initial approximation of the concentration for this element,
and an iterative calculation is made to convert from K-ratio to concentration in the final analysis.

Ideally, an uncertainty is assigned to the concentration of the element that is based on x-ray counting
statistics, which scales as the square root of the number of counts collected (example: thereis 10% Si with
arelative uncertainty of 5%, or 10% +- 0.5%).

Example Analysis of Anorthite by Energy-Disper sive Spectrometry

As an example, the details of how a sample anorthite crystal is analyzed will be discussed. Anorthiteis
nominally CaAl,Si,O4 in composition. In practice we typically analyze Al, Si, and Ca, and calculate the
associated oxygen based on stoichiometry. This uses the assumption that the valences are AlI**, Si** , and
cat.

The standards that would be used for this analysis are corundum (Al,O;) for Al, quartz (SiO,) for Si, and
wollastonite (CaSiO,) for Ca. Simple oxides are used for EDS analysis so that there are no x-ray peaks
adjacent to (or interfering with) the x-ray line that the standard is used for. Thisiswhy anorthite cannot be
used as a primary EDS standard, because the Al and Si x-ray peaks are partially overlapped. CaO is not
stable under the electron beam, so CaSiO; isused. These stoichiometrically simple compounds are also
very pure, so there isless uncertainty about the composition of the standard being used.

EDS spectra are then acquired on these three standards, under the same conditions of acquisition (15KV
accelerating voltage, 400 pA absorbed current measured on afayalite reference standard, 100 seconds live
time acquisition, and x-ray takeoff angle of 30 degrees). The measured Al Ka peak area on corundumis
2556 counts (thisis an intensity since it was acquired for 100 sec @ 255 counts per second), the Si Ka peak
area on quartz is 2934 counts, and the Ca Ka peak area on wollastonite is 1760 counts. These reference
spectra are background-corrected and saved as the MLL SQ references for these elements.



Now an EDS spectrum is obtained on our sample anorthite, again under the same conditions that we used
for our standard spectra. This spectrum isfitted to the EDS references for Al Ka, Si Ka, and CaKa using
the MLLSQ technique. The K-ratio for Al Kais 881/2556 = 0.3447 . The peak areas and the calculated K-
ratios are shown below.

X-ray (P-B)=mple (P-B)stendar K-std K-purel
Al Ka 881 2556 0.3447 0.1460
Si Ka 1042 2934 0.3552 0.1430
CaKa 720 1760 0.4089 0.1307

Note that there are two entries for the K-ratio. K-std isthe K-ratio using the primary oxide standard (Al,O,,
Si0,, and CaSiO;). K-purel isthe K-ratio relative to a pure element standard (Al, Si, and Ca), and is
obtained by calculating what the expected intensity of (for example) Al Kain Al,O;relative to the intensity
of Al Kain pure aluminum. This calculation is obtained by running the ZAF procedure backwards (i.e.
K=C/ZAF, see below). Itisthe K-purel that is actually used as the starting point to calculate the
concentration. Note that this conversion from the oxide to the pure element in itself makes use of the x-ray
correction scheme outlined below, and this underscores the interdependence between C and K.

ZAF -- Conversion fromK toC

These K-ratios are then converted to concentration as follows. There are three factors, Z (the Atomic
Number correction), A (the Absorption correction), and F (the Fluorescence correction). These factors are
applied, typically in amultiplicative fashion, to the K-ratio to obtain the concentration:

C=K*Z*A*F

The Z factor corrects for the difference in electron backscattering and electron retardation between the
sample and standard (which are materials of different average atomic number Z). The A factor corrects for
differencesin x-ray absorption between the sample and standard; a value greater than 1 indicates the x-ray
is absorbed within the sample, and avalue less than 1 indicates the x-ray is enhanced within the sample.
The F factor corrects for differencesin x-ray fluorescence between the sample and standard; avalue less
than 1 indicates the x-ray is fluoresced within the sample by another x-ray line. TheZ, A, and F, and the
combined ZAF correction factors are shown below for our example, with the K-purel and the final
calculated concentration values.

Element K-purel z A F ZAF Concentration
Al 0.1460 1.044 1.277 0.992 1.322 19.29

S 0.1430 1.016 1.399 0.997 1.417 20.26

Ca 0.1307 1.056 1.043 1.000 1.101 14.38

0] 46.36 (by stoich)

What do these numbers mean? First, the K-purel values show that the measured intensity of Al Ka, Si Ka,
and Ca Ka emitted from the anorthite sample, are 14.6%, 14.3%, and 13.07% of the intensity that we would
expect to see from pure Al, pure Si, and pure Ca, respectively. Secondly, of the Z, A, and F terms, the A
term shows the largest deviations from 1. This means that x-ray absorption is the dominant portion of the
ZAF correction; thisistypical for silicates and oxides. Here Si Kais absorbed by the Al, Ca, and O atoms
in addition to self-absorption by Si atomsin the sample. The Si Kaintensity measured by the EDS detector
iswhat isleft over from the original Si Kaintensity that was generated inside the sample after absorption
on the way out of the sample. The magnitude of the absorption term A tells you the degree to which the x-
rays of that particular element are absorbed.

In anorthite, Si Kais absorbed most strongly (A=1.399, or about a 40% correction), Al Kaless so
(A=1.277), and CaKathe least (A=1.043, or about a 4% correction). Si Kais absorbed more strongly than
Al Ka, even though Si Kaisthe more energetic radiation, because Si Ka can fluoresce Al Kain anorthite
and some of the Si Kax-rays are "consumed" in the fluorescence of Al Kax-rays. Thisisreflected inthe F



factor for Al Ka, where areduction in Al Kais made via F=0.992 to correct for the Al Ka x-rays generated
by electron irradiation and those produced by x-ray fluorescence by St Kaand CaKa.

The Z factor essentially corrects for the slowing down of electrons in the sample (and their 1oss of energy
that could be used to generate x-rays), and the backscattering factor, which accounts for the ability of an
electron to generate x-rays both on the way into the sample, and again coming back out of the sample after
ahigh-angle elastic callision.

Thefina calculation of concentration is made by multiplying the Z, A, and F factors together to form the
ZAF correction. The concentration is calculated from C =K * ZAF, and for Al thisis 19.29 = 0.1460 *
1.322 * 100%. How this number is actually obtained is a bit more complicated, as discussed below.

From these relationshipsit is clear that the correction from K-ratio to concentration involves knowing the
concentration of the other elements in the sample, a seeming contradiction. The calculation C=K * ZAFis
an iterative one, because the presence of j other elements in a sample will affect the intensity of the x-ray
line of agiven element i, and the magnitude of the Z, A, and F correctionsis afunction of the concentration
of thesej elementsin the sample. Thisisto say that the calculated value of C, isin fact dependent on the
value of all other concentrations C; in the sample. It turns out that only afew iterations of the calculation
are usually necessary, and that the dominant correction employed is typically about a 10% absorption
correction for all elementsin the sample, on average. This meansthat if one comparestheinitial K value
measured to the final concentration of the element (as aweight fraction), that there is about a 10%
correction involved. Inthe case of CaKa, theinitial K-purel is0.1307 and the concentration is 0.1438, and
the ZAF correction value is 1.10 (however, note that the correction is larger for the lower energy lines of Al
Kaand Si Ka).

The iterative algorithm begins by taking the measured K values and normalizing them to the sum of the K
valuesfor all measured elements. These normalized K values are then used to calculate a concentration
value viathe equation C = K * ZAF, then K is set equal to the calculated concentration C, and the
calculation is performed again. The iteration continues until no further change is observed in new estimates
of C. At each step in the calculation, afull ZAF correction for the effect of all other elementsis made on
the x-ray of the element in question. This involves much numerical processing; it would take afew daysto
perform this by hand with a calculator, because numerical integration isinvolved. Long live the computer!



DTSA Program and Directory Structure

Policy Issues

The DTSA program does not produce large image files like the NIH Image program, but the binary
experiment data files are not small either. Because of limited available storage on the computer, you are
allowed to store the DTSA datafiles that you generate during your session on the instrument, but you need
to remove your datafiles at the conclusion of your session. There is no permanent storage on the computer.
Y ou should come to your session with either the necessary information so that you can copy your datavia
FTP or the Macintosh chooser to your computer, or with sufficient storage media to completely copy all
your data.

Y ou are expected to remove your data files yourself.

DTSA isNot Freeware

But we do have asite license for DTSA in the Division of Geological and Planetary Sciences. A current
distribution version is available in the Dist Software folder, and the DTSA manual and other documentation
is available in the Documentation folder.

DTSA Directory Structureand FileList

Thisisthe directory structure on the Macintosh called daf-sem.gps.caltech.edu:

SEM1 (Thisisthe hard drive name)

sem user area (Thisisthe main folder for al sem users)
DTSA (Thisisthe main folder for the DTSA EDS program)
DTSA (or similar name, Thisisthe DTSA Program)
MAC_K_Data (Mass absorption datafor Kalines, binary)
MAC_L_Data (Mac datafor Lalines, binary)

MAC_M_Data (Mac datafor Malines, binary)
PreferencesMCA (DTSA preferencesfile)
XrayData (X-ray database)
<other miscellaneous files may be located here>
.Sem Experiments (Main Folder for DTSA experiment files)
.Sem Work Area  (User area, temporary storage only)
Citzaf Setup Link Be XX-XX-XX (These are described below)
Citzaf Standards Be xx-xx-xx
Citzaf Standards Database
DTSA Calib Link Be xx-xx-xx
Link Be Empty Experiment
MLLSQ Refs Link Be XX-Xx-Xx
MLLSQ Setup Link Be xx-xx-xx
<There may be other files here>
Backup Working Copies (Backup copies of DTSA files)
Temporary Storage Only (1 day Storage of your datafiles)
SEM Cadlibration (EDS Calibration data storage)
Storage DAF Only (DAF file storage area, do not use)
Dist Software (DTSA Distribution Software)
Documentation  (DTSA Manual and other documentation)



Plug-ins (4Pi Plug-in for EDS acquisition, also translators)
<Other miscellaneous DTSA Subfolders>

Sem user area

The folder sem user areaiswhere all programs and appropriate files are kept for digital imaging (NIH
Image) and EDS analysis (DTSA). The NIH program is discussed in the section on digital imaging. When
you connect to daf-sem.gps.caltech.edu from the network, thisis the master folder that you have access to.

DTSA (Folder)

The DT SA folder contains the program DTSA (DeskTop Spectrum Analyzer) and all the appropriate
subfolders. This program is used to acquire EDS (energy-dispersive spectrometer) spectra using the Link
EDS detector.

DTSA (Application)
The DT SA programislocated in the DTSA folder.

Mac K Data, Mac L Data, and Mac_ M_Data
These files contain the mass absorption coefficient data that is used by the Citzaf portion of the DTSA
program.

PreferencesM CA
The Preferences.MCA fileis used to store the preference settings that are used by DTSA.

XrayData

The XrayData file contains x-ray line and edge energy data, as well as many other parameters that are used
by DTSA and the x-ray database portion of the program.

.Sem Experiments

The .Sem Experiments folder contains DTSA experiment files. A DTSA experiment is the fundamental
file that contains information about the EDS detector used, the accelerating voltage in effect during the
analysis session, and any other instrumental parameters that are common to the entire analytical run. A
DTSA experiment contains many EDS spectra, and is used to keep all the spectratogether in asinglefile.

.Sem Work Area

The .Sem Work Area folder contains the working data files that are used by DTSA during an anaytical
run. Thisfolder will also receive DTSA output files as you produce them during your run. At the
conclusion of your analytical run, your analytical datafiles need to be transferred to your computer or to a
data disk, while the working DTSA data fileswill be left and used for the next run.

DTSA Working Files

There may be anumber of DTSA working files. Currently there arefiles for the Link EDS detector, based
on a calibration using the Be (beryllium) window on the detector. These files are also based on the
multiple linear least-squares fitting routine (MLLSQ). You may find other files that are related to
calibrations using the Link in thin-window mode (TW), as well asfiles related to fitting using the Simplex
fitting technique. For now we are using the Link Be window data and the MLL SQ fitting routine. Hereis
abrief description of the DTSA working files, and what they are used for:

Citzaf Setup Link Be XX-XX-XX

This binary datafile contains the list of microprobe standards and elements that will be used by the
Citzaf portion of the DTSA program for data correction. Thisis a settingsfile that contains the basic
information derived from the next file listed below. Thefileis dated becauseit isasummary of data
ultimately derived from a calibration run.

Citzaf Standards Be xx-Xx-xx

This binary datafile contains information that is used by the Citzaf correction program to correct from
X-ray intensity datato concentration units for the final analysis. Thisfile containsthe datathat is
generated when a Citzaf standard is “created”, meaning that an EDS spectrum for a microprobe
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standard (which itself contains the weight percent compositional datafor al elementsin the standard)
isfitted using either MLLSQ or Simplex fitting technique, and the peak areas obtained from these
fitting calculations are stored for the appropriate elements in each standard. In other words, thisfile
contains compositional and x-ray intensity data for the appropriate elements from each standard. The
file is dated because the intensity data is derived from the appropriate calibration run.

Citzaf Standards Database

This binary datafile contains the names and compositions of microprobe standards in a database that
can be loaded into the DTSA program when compositional datais required. Thisdatais used when
compositional dataisto be entered into the spectrum header of a spectrum, or when a spectrum isto be
generated, for example. The file does not contain any information related to x-ray intensity of the
elementsin the standard.

DTSA Calib Link Be xx-xx-xx

Thisbinary datafile isthe master DTSA experiment file that was obtained during a calibration session.
The DTSA experiment header was filled out with appropriate information related to the analytical
parameters to be used during the calibration run. EDS spectra were obtained from a variety of primary
and secondary microprobe standards under carefully monitored conditions. Each spectrum was labeled
and compositional information was entered or loaded from the standards database, then the spectrum
was saved to this experiment file. Thisfile waslater used to generate multiple linear least-squares
(MLLSQ) reference peaks, which were then stored in aMLLSQ reference file, then the EDS spectra
for the primary microprobe standards were fitted using these MLL SQ references, and Citzaf standards
were generated from the fitting data and the compositional data. In other words, thisis the master
calibration file that contains the original EDS calibration spectra, and can be used to test the derived
reference and standard files for internal consistency. The date from this experiment is used in the
names of all derived files.

Link Be Empty Experiment

Thisis copy of aDTSA experiment that contains only one EDS spectrum. It has the appropriate
parameter information for the Link Be window, and the orientation of the Link detector on the
Camscan SEM. To usethisfile, you must first copy it, then rename it, and then load the renamed file
into DTSA (you cannot load thisfile into DTSA and do a Save as... operation, because all changes are
made to the original file). It isnot dated because no x-ray intensity dataisin the empty file (well,
except for the one spectrum that you will replace).

MLLSQ RefsLink Be xx-xx-xx

This binary datafile contains the multiple linear |east-squares (MLL SQ) peak profiles obtained from
the EDS spectra of the primary microprobe standards. These peak profiles are obtained by background
correcting the EDS spectrum, then selecting the energy range of the peaks to be assigned to the
reference file for the element of interest, and finally storing the profiles to the MLLSQ datafile. The
fileis dated because it is derived from the master calibration experiment file.

MLLSQ Setup Link Be Xx-XX-XX

Thisbinary datafile contains the list of elements and their MLL SQ references that are to be loaded
into the DTSA program for use by the MLL SQ fitting routine. 1t does not contain the actual MLL SQ
references but is dated anyway.

SEM Calibration
The SEM Calibration folder contains the data files from calibration runs, both presently used, and from
the past.

Dist Software
This folder contains the distribution version of DTSA.

Documentation
Thisfolder contains the stand-alone DocMaker version of the DTSA manual, and a Word version of the
manual that is being updated on aregular basis. Feel freeto copy these to your computer over the network.
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Plug-ins
The Plug-insfolder contains the 4Pi driver plug-in that is used to acquire EDS spectra from the Link
detector and the Oxford 2040 pulse-processor.

12



Prerequisites for Quantitative Analysis

Sample Requirementsfor Quantitative Analysis

Y ou are about to make use of an EDS calibration that was previously performed on the Camscan SEM.
This means that your sample needs to have the same characteristics as the standards that were used for
primary calibration, and that the instrument needs to be set up the same way.

These are important requirements. No amount of post-processing and fudging of your data will
compensate for improper sample preparation and incorrect sample orientation in the instrument.

In order to do quantitative analysis, your sample must adhere to the following reguirements:

1. The sample must be micropolished to approximately 0.25 um finish. Any surface roughness on the
order of the size of the analytical volume will introduce deviations in the x-ray path length from that which
was in effect during the calibration. These path length deviations affect light-element and/or low-energy x-
raysthe most. Avoid cracks, rough spots, cleavage traces, pits, etc.

2. The sample must beflat (planar) and perpendicular to the electron beam. The Link EDS detector is
mounted at a 30 degree angle on the SEM, and a sample at the proper z-axis position and perfectly
perpendicular to the beam, will present a surface that has a 30 degree x-ray takeoff angle. No tilted
configurations are allowed, either in the geometry of the sample surface (deviations from being a planar
surface), or tilting due to improper mounting and/or use of the tilt control on the SEM stage. Any tilt
deviations will result in ax-ray path length that is different from that used during calibration. Y ou should
be using a top-referencing sample holder, likethe 1" glass dlide holder; thisis designed to present the
sample to the beam in a perpendicular orientation. 1f you use the 1” aluminum cup holder and your sample
does not have parallel upper and lower surfaces, then it will be tilted relative to the beam. Any tilt
deviation introduces a systematic error into the analysis.

3. The sample must be carbon coated, with a thickness that gives a red-blue color as observed on the brass
holder of the carbon coater. Y ou cannot use a gold coated sample to do quantitative analysis, because the
standards were carbon coated, and it is very difficult to reproduce exact gold coats. Besides, gold absorbs
x-rays quite heavily and you would lose sensitivity. Any deviation from the correct carbon-coat thickness
introduces a systematic error into the analysis. Light element and / or low-energy x-rays are affected due to
the different absorption path length on their way out of the sample, and high energy x-ray lines are affected
due to achange in the overvoltage as afunction of electrons“slowing down” upon entry into the sample
through alayer that is of different thickness.

Instrument Requirementsfor Quantitative Analysis

Y ou need to duplicate the instrument setup that was used during the primary calibration run. For
guantitative analysis you want to analyze your sample under exactly the same conditions that were in effect
during this calibration run. It is unfortunate but true that nearly all SEM’ s are not designed with
guantitative EDS analysisin mind. This|eads to two topics, working distance, and probe current stability:

1. The sample needs to be at the correct working distance in order to have the correct x-ray takeoff angle.
On the Camscan this corresponds to aworking distance of 35 mm. Thisis accomplished by setting the
coarse focus to 35 mm (from a clockwise direction), with the fine focus set to 5 turns from either limit (i.e.
the center of the range) and al focusing on the sample is done using the z-axis crank. Thisisbasically the
best that can be done. However, you should take note of the following information. This may not actually
correspond to a take-off angle of 30 degrees, but it is pretty close, and any deviation from this applied to
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the calibration aswell. The real problem isthat one observes different z-axis positions that are required to
focus asample at 35 mm working distance. Thisisdueto any or all of the following: magnetic lens
hysterysis, mechanical backlash in the z-axis control, and electron gun shift and tilt instability. The
hysterysis can be demonstrated by comparing the z-axis position for a 35-mm working distance focus using
counterclockwise vs. clockwise setting of the coarse focus control. Y ou will also observe a different focus
position if you check filament saturation viathe [¢] filament mode, adjust the filament saturation slightly,
and then return to imaging -- you will find that you need to refocus the SEM.

The bottom line isthat on an SEM without any z-axis focusing mechanism that uses area reference plane
(like the optical microscope on the electron microprobe), one is subject to variations in the x-ray takeoff
angle during the analytical run. This affects light-element and / or low-energy x-raysthe most, i.e. the K
lines of C, O, Na, and Mg Ka, the L lines of Cu, Ni, Zn, and Ga, and the M lines of rare-earths (for
example). The concentration of these elements will be higher or lower than they should be depending on
which direction the takeoff angle deviation isin.

2. The probe current needs to be exactly the same as that used during calibration. The magnitude of the
probe current can be set by setting the absorbed current to 400 pA on Fayalite, and assuming that the
surface of the Fayalite standard has been kept clean, this can be readily accomplished. However, the SEM
does not have a probe current stabilization system, and one observes substantial drift on our Camscan.
Thereis short-term “ spiky” drift, and drift that generally reduces the probe current due to alignment
deviation. During calibration the absorbed current meter was watched non-stop to avoid these problems,
and for optimum results you will have to do the same. Y ou will also need to correct for gun drift by
adjusting the filament centering knobs almost on an analysis-by-analysis basis.

14



About the Link EDS Detector

How to Insert and Withdraw the Detector

The Link EDS detector is positioned along atrack that allows the detector to be withdrawn to 10 cm when
not in use, and inserted to the “analysis’ position of 6 cm (i.e. 60 mm for DTSA spectrum header) when
doing quantitative analysis. The detector is positioned using a crank that is on the far left as you look at the
detector (the crank has a small rod connected to the circular disk).

Important -- The detector should be inserted only when the Viewport Cover has been removed, so that you
can see the clearance between your sample and the detector snout. Please don’t run the detector into your
sample!

The detector has three windows that can be used for analysis:

Beryllium window -- The Be window mode is used for most normal analysis, and keepsthe Si analyzing
crystal protected from the chamber environment. In Be window mode, the detector can see x-rays of Na
and higher. The primary EDS calibration makes use of the Be window mode (there is better sensitivity for
normal elements with the Be window).

Thin window -- The thin window mode is used for light element analysis. The thin window material is
(we think) boron carbide. The thin window mode is used for light element analysis, but gives reduced
sensitivity for normal elements. The thin window mode is vulnerable to backscattered el ectrons entering
the detector (and being registered as x-rays), as well as cathodoluminescence (i.e. visible light emitted from
the sample).

Open window -- The open window mode is not normally used due to reduced throughput from
backscattered electrons and cathodoluminescence in the chamber. The open window mode should not be
used because it opens up the Si analyzing crystal to contamination from the chamber.

Double Super Important -- When any window mode besides Be is selected, you must not perform a
sample exchange (in fact the sample exchange vent is disabled when not in Be mode). If the chamber is
vented when the thin window is selected, it may rupture the window. So be sure to put the detector back to
Be mode prior to sample exchange!

How to change the window

Asyou look at the Link detector you will see ablack textured locking pin pointed toward you, and alarger
circular knob. The locking pin keeps the circular knob from being turned, and you must not forcethe
knob if thelocking pinisin place! Thereisaso asmall letter indicating the window currently selected (if
left correctly the letter will be “B” for Be window).

To change the window, gently pull the black locking pin out (toward you), and continue holding it out
while you turn the larger knob clockwise. Asyou turn clockwise, you will change from “B” to “T” (thin
window). (If it reads “O” then you have gone too far are on open window).

To change from Be to Thin window, turn the knob clockwise while pulling out on the black locking pin,
and the letter will change from “B” to “T".

To change from Thin window back to Be, turn the knob counterclockwise while pulling out on the black
locking pin, and the letter will change from“T” to “B”.

Other Information
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The Link detector is mounted at an x-ray take-off angle of 30 degrees. The pulse processing electronics are
currently set for high resolution pul se inspection.
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Configuring the Camscan SEM for Quantitative
EDS Analysis

If the primary goal of the session isto do quantitative analysis, use the Fayalite standard from the SEM
standard mount as your first mount in the SEM, for the purpose of filament saturation, column
alignment, and setting the probe current to the proper value for analysis.

Remove the Viewport Cover in preparation for sample exchange and inserting the Link EDS detector.

Use the Sample Exchange procedure to load the SEM standard mount into the Camscan. The SEM
standard mount is kept in the desiccator, and should be found on the top shelf already mounted ina 1”
aluminum sample holder. The mount should also be positioned in the aluminum sample holder with
the Fayalite (Fe,SIO,) standard adjacent to the Faraday cup hole (a small hole in the rim of the
aluminum sample holder). The SEM standard mount should be placed in the Camscan so that the
Fayalite standard is positioned at the top of the screen.

Finish the sample exchange procedure, but leave the Viewport cover off of the SEM.

The Link EDS detector should be inserted from the “park” position of 10 cm. to the “analysis’ position
of 6 cm. Monitor the position of the detector through the Viewport window and make sure that you do
not run the detector into the sample!

The detector isinserted and withdrawn using the crank that is located on the far |eft at the end of the
detector track (it isalso parallel to thetrack). Note: Do Not turn the crank that is perpendicular to the
track assembly and next to the letter B -- thisisthe control for selecting the detector window and
should be left on B unless you have specific approval from Paul Carpenter to change the window!

Replace the Viewport cover on the SEM.

Use the Filament Saturation and Column Alignment procedures to saturate the filament and align the
electron gun on the SEM.

Quantitative analysis uses a higher probe current than for our normal imaging setup. Set the
Resolution contral to 3.

Drivethe stage X and Y motorsto occupy the Fayalite standard (Fayaliteis Fe,SIO,). Thisiswhat the
standard looks like at 35x magnification:
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14.

15.
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17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Use the Image Selector to select the backscattered-electron image on the | eft-hand screen. The
backscattered-electron image is hecessary because you need to avoid inclusions in the Fayalite
standard.

It is suggested that you turn on the Digital Frame Store to enable you to select an inclusion-free area on
the Fayalite standard (the standard contains inclusions of Fe,O,, SiO,, and FeSiO;, all of which should
be avoided). Follow the instructions for the Digital Frame Store if you need to.

Use the Z-axis crank to set the coarse focus on Fayalite.

Find a crack or other feature to set the coarse focus and stigmators with.

Important -- The Coarse Focus control on the SEM should be set to aworking distance of 35 mm (do
this by first setting the control to a counter-clockwise setting, then turning clockwise to 35 mm; thisis
to counteract lens hysteresis as well as possible. The Fine Focus control should be set to 5 turns from
either limit, and left in that position for all analytical work. Any deviations from these settings
introduce a deviation in the x-ray takeoff angle that the Link detector effectively sees relative to the
sample surface, and will affect the accuracy of the analyses.

For information purposes, the takeoff angle for the Link detector is 30 degrees, when the sampleis
positioned at the 35 mm working distance position.

Select an inclusion-free area on the Fayalite standard to use for setting the absorbed current.

Set the magnification to a high value, and then use the Orange [ X] fixed beam button to place the SEM
in spot mode.

The absorbed current for analysis should be set to 400 pA on the Fayalite standard. The following
steps concern this.

Set the absorbed current meter to the 10™° scale on the absorbed current meter.

Adjust the C1 Fine Condenser lens (on the absorbed current meter) to adjust the absorbed current until
you get areading of 4.00 on the scale. Thiswill require several clockwise turns of the C1 Fine
Condenser lens control.

Adjust the filament centering knobs to obtain the maximum absorbed current on the Fayalite standard.

The current has now been raised to 400 pA, and the el ectron beam needs to be refocused and
restigmated at this higher current.

Again press the Orange [ X] fixed beam button to return to the imaging mode.

Adjust the backscattered-el ectron image brightness and contrast controls to compensate for the brighter
image due to the higher probe current.

Drivethe stage X and Y motors back to the crack on the Fayalite standard that you used for focusing.

Adjust the Z-axis crank to correct for any focus problems (again, do not adjust the Fine Focus controal,
as this needs to remain fixed for the session). Adjust the stigmators if necessary.

Return to the inclusion-free area and again press the Orange [X] fixed beam button to put the SEM in
spot mode.

Because the Camscan SEM (like most SEM’s) does not have a probe current stabilization system, you
will need to manually correct for drift throughout your quantitative analysis run by adjusting the
Filament Centering Knobs on the SEM electron gun (this corrects for drift in the tilt and gun shift of
the electron gun, and is typically where most drift takes place) and the C1 Fine Condenser lens control
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on the absorbed current meter (this corrects for drift in the magnitude of the probe current, and is
typically not where most drift takes place).

29. Thisdrift correction must be applied on an anaysis-by-analysis basis for optimum results.

Important -- The absorbed current setting is made on the Fayalite standard. Remember that the absorbed
current measured on atarget material is a function of the average atomic number and secondary-electron
emission characteristics of the target material. The probe current is afixed value (but cannot be measured
directly on the SEM because there is no Faraday cup in the column), but the absorbed current depends on
the composition of the sample. The problem isthen to correctly set the absorbed current when you have
put your sample mount in the SEM. There are two solutions to this problem. Thefirst isto use the
aluminum sampl e holders that have a Faraday cup hole in the rim, and to drive the sample to this position,
set the magnification to a high value so that the electron beam isin the Faraday cup hole, and make note of
the absorbed current (400 pA on Fayalite is about 508 pA in the faraday cup). Ideally, no electrons escape
from the Faraday cup and you are actually measuring the probe current in this fashion. The drawback of
this approach is that you need to drive back to the Faraday cup hole frequently. The alternative approach is
to set the C1 Fine Condenser lens so that you get an analytical total of 100% on your sample, with the
following qualification. Y our sample must be anhydrous and should not have mixed oxidation states (i.e.
Fe?* and Fe** for example), because these components would produce alow analytical total even when the
probe current is set properly. In practice most samples contain different phases, and one can set the current
to get atotal of 100% on an anhydrous phase, and then immediately analyze an adjacent hydrous phase,
knowing that the current is set properly.
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How to Set Up DTSA For Quantitative Analysis
Using Preset Files

I ntroduction

This section details how to set up DTSA to do quantitative analysis using files that have been previously
generated for your use. This section does not cover the details of setting up quantitative analysis from
scratch, because that is much more involved (it will be covered in a separate section). Y ou need to read the
DTSA manual before using the DTSA program, because it is not a normal Macintosh application, and itis
pretty complex but also quite powerful.

Y ou can copy the DTSA manual from the Docs folder.

Make a Copy of the Empty DT SA Experiment File

DTSA uses the concept of an experiment. Thisis afile that contains spectrathat have been acquired under
similar conditions (think of it as a document with many paragraphs that are similar in structure). Y ou need
to make a copy of the scratch experiment file and rename the experiment with your name.

1. You need to make a duplicate copy of adefault DTSA experiment file if you are starting from scratch.
(However, you do have the option of opening a previous experiment file and appending spectrato it, but |
recommend keeping spectra from each analytical session in different experiment files, since you may not
use the instrument for awhile, and new settings may bein effect). Do this by opening the .Sem Work Area
folder, and select the icon for the empty experiment file (Link Be Empty Experiment is used here):

S[=——————— .SemWork Area =————3I=
10 items S506.5 MB in disk 524.3 MB available
Mame Size Kind
D citzaf Setup Link Be 6-26-96 17K document a
D Citzaf Standards 6-26-96 S0K DTSA_PPC docy
D) Citzaf Standards Database 17K DTSA_PPC docy
[ DTSA Calib Link Be 6-26-96 182K DTSA_PPC docy
[BPLink Be Empty Experiment 17K DTSA_PPC doc
[ MLLSQ Refs Link Be 6-26-96 SO0K DTSA_PPC doc
[ MLLSQ Setup Link Be 6-26-96 17K DTSA_PPC doc
[ [ Backup Working Copies — folder
P [ Data Files 6-26-96 Calibration — folder
P [ Temporary Storage Only — folder
v
<« | » |5
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2. Duplicate the file by selecting File> Duplicate, or by typing command-d after selecting theicon. You
should now have a copy of the empty experiment file:

Sem Work Area

11 items 506.2 MB in disk 524.5 MB available
Name Size Kind
D) Citzaf Setup Link Be 6-26-96 17K document =
D) Citzaf Standards 6-26-96 SO0K DTSA_PPC docy
D) citzaf Standards Database 17K DTSA_PPC docy|
O DTSA Calib Link Be 6-26-96 182K DTSA_PPC docul
[ Link Be Empty Experiment 17K DTSA_PPC docy
[ [Link Be Empty Experiment copy | R 17K DTSA_PPC docy
O MLLSQ Refs Link Be 6-26-96 SOK DTSA_PPC docyl
O MLLSQ Setup Link Be 6-26-96 17K DTSA_PPC docy
[P [ Backup Working Copies — folder
[P [ Data Files 6-26-96 Calibration — folder
P [ Temporary Storage Only — folder -
-
< |l | » Pi-l

3. Edit the name of the copied experiment file so that it has the following form:
Lastname F Exp Xx-Xx-Xx

If you don't use thisform it will be confusing to you later when you have a bunch of files to sort out.
When you are finished it should look similar to this:

.Sem Work Area =————[41=

10 items S505.5 MB in disk 525.2 MB available
Name Size Kind
O Citzaf Setup Link Be 6-26-96 17K document -
(Wl arpenter P Exp 10 96 [N 17K DTSA_PPC doc
D Citzaf Standards 6-26-96 SOK DTSA_PPC doc
O Citzaf Standards Database 17K DTSA_PPC doc
[ DTSA Calib Link Be 6-26-96 182K DTSA_PPC doc
D Link Be Empty Experiment 17K DTSA_PPC doc
[ MLLSQ Refs Link Be 6-26-96 SOK DTSA_PPC doc
O MLLSQ Setup Link Be 6-26-96 17K DTSA_PPC doc
P [ Data Files 6-26-96 Calibration — folder
P [ Temporary Storage Only — folder
!
4 |ilul| | » |
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Launch or Select the DT SA Program

The DTSA program needs to be launched. Look under the Finder menu in the upper right-hand corner of
the Macintosh screen. If DTSA isaready launched, but not active, there will be an icon with DTSA next
toit. If so, select thisicon and proceed. Otherwise, double-click on the DTSA alias on the desktop to
launch DTSA. Double-click on the startup screen when that comes up aswell. Y ou should then see the
DTSA blue spectrum screen, with the multichannel analyzer controls at the bottom of the screen:
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Make Your Experiment the Active Experiment File

DTSA uses experiment files for your EDS spectra. DTSA is capable of using one experiment file for
reading in spectra, and a separate experiment file for saving spectra. In your case you will open the empty
experiment file that you just created, and you will use thisfile for saving the spectrathat you acquire on
your sample. Note that DTSA does not read the spectrainto memory until they are needed, so the read and
write operations are done only when necessary.

1. From the File menu, select Get DT SA Spectrum from Disk. This menu selection is used to link the
experiment file.

2. A standard file dialog box will come up on the screen. Remember that your experiment file should bein
the directory:

seml
sem user area
DTSA
.Sem Experiments
.Sem Work Area
<your experiment file>

Y ou may need to a bit of navigating through the directory to find your experiment file the first time, but
after that, DTSA will remember this directory for all subsequent activities.
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3. You can verify that you have properly linked your experiment file to DTSA by selecting the menu File -
Show the Active DT SA Files. Thiswill show you amessage box with the current file for reading (this
should be your experiment file), and the current file for saving (this should read none). You can usethis
menu later to verify that you are saving to the correct file.

23



Edit the Experiment Header

1. The experiment header needs to be edited so that it has the correct information for your analytical run.
Select Experiment Header from the Header s menu, and you will see the following window:

2. Enter ashort experiment title in the Experiment Titletext field. Thistitle will appear on printed
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spectraand the analytical data printout (maybe). Y ou can see more information by clicking on Help if you

wish.

3. Enter your namein the Analyst text field.

4. The Commentstext field contains backup information about the analytical conditions, the detector

window, and other parameters. Y ou should not delete thisinformation, but you may add to it.

5. The accelerating voltage for most analysisis 15 KV. Be sure that the Experiment KV field has 15 KV

entered, unless you know what you are doing and you are performing your own calibration at a different

accelerating voltage.

6. Select the current date by clicking in the Current Date check box.

7. The Spectrum Type should be set to EDS.
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8. Now the Detector | nformation window needs to be brought up. Click on Detector Information:
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9. Verify that the detector parameters are correct for the window mode that you are using. The correct

values for the Link Be window mode are:

Au Contact 0.02 um

Dead Zone 0.1um
Be Window 7.6 um
Carbon 0.1um
Ice X.x um (This value changes with time!)

Det Thickness 4.0 mm

Click on Help to bring up a screen with more information.

v )

Note-- Do not click on Load ‘Typical’ Values, asthiswill reinitialize these parameters, and you will have

to enter them from scratch (thisis why they are kept in the comments section of the experiment header).

10. The EDS detector resolution on our system is currently about 137 eV (measured at Mn Ka, full-width

at half maximum). Verify that thisis set properly in the Resolution field.
11. The Detector Area should be set to 10 square mm.

12. The Detector type should be set to Si.
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13. Now the Detector-Specimen Geometry Dialog box needs to be brought up. Click on Detector -
Specimen Geometry Dialog:
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14. Verify that:

Betais set to 90

Detector Elevation Angleis set to 30 (Thisisthe x-ray takeoff angle for the detector)
Azimuthal Angleissetto0

Note that the Specimen-Detector distance is set in the Spectrum header (not here), as are any settings of the
x and y-tilt.

15. Click on OK to exit this dialog box and return to the Detector Parameters dialog box.

16. Click on OK again to exit the Detector parameters dialog box and return to the Experiment Header
dialog box.

17. Click on <Edite the file Experiment Header to tell DTSA to update your experiment file. Anytime
you change an experiment header value, you need to click on this button to make the change permanent.

18. Finally, click on OK again in the Experiment Header dialog box to return to the main DTSA
window. This completes setting up the initial settings of the Experiment Header.
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Setting Up the Regions of Interest (ROI)

DTSA uses aregion of interest (roi) to look for the peaks to be fitted using the multiple linear least squares
fitting technique (and ROI’ s are used for the simplex fitting method as well). Y ou need to select the ROI's
prior to setting up the MLLSQ portion of the program, because DTSA usesthe roi list to also setup the
MLLSQ referencellist.

1. At thelower left of the DTSA main screen is a button labeled ROI. Click on ROI, and the bottom of
the screen changesto look like this:
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2. Click on Auto Peak ROI’sto let DTSA choose the ROI’ s for the elements to be analyzed. The
following screen comes up:
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3. There may be elements already highlighted on the periodic table display, but they may be for a different
list that you need to use. DTSA also assigns ROI’sfor L and M linesin addition to the K lines that we will
use. For thisreason, it isbest to start from scratch by clicking on Clear All. Thiswill clear the periodic
table display.

4. The element list now needsto be entered again. Make sure that the radio button for K Family is
selected.

5. Now select each element from the following list by clicking once on the periodic table symbol for each.

Element list: NaMg Al Si PSK CaTi Cr Mn Fe Ni (or whatever the current element list is)
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Thislist is based on alimitation on the total number of elements currently used by DTSA; thisrestriction is
to be removed “soon”. Y ou may need to consult a separate document that summarizes modifications to this
and other lists of elements that have been set up for you.

6. Click on OK when the list has been entered. Thiswill return you to the DTSA main window.
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Setting Up MultipleLinear Least-Squares (MLL SQ)

Now that you have set up the ROI’s, you can load in the MLL SQ references that have been previously
generated from the microprobe standards. The following instructions will help you to load in the MLLSQ
references and select an output file for the MLLSQ fitting data to be written to.

Note: DTSA has some bugs that have not been completely fixed as of 11-1-96, related to the dialog for
loading in MLLSQ preset files. There are two sets of instructions below that deal with the known
problems.

1. Onthelower left of the DTSA main screen, click on the button MLLSQ. Thiswill bring up the
following dialog box:
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You may click on Help or Flowchart to bring up screens that have information related to the MLLSQ
setup procedure.
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2. Toload in MLL SQ references using a preset file, click on Use ML Setup File. Thiswill bring up a
standard dialog box, as shown below (with the correct file aready highlighted for loading):
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3. From the standard dialog box, select thefile:

MLLSQ Setup Link Be XX-XX-Xx

(i.e. the most recent setup file for MLLSQ will have afile name like this). If you get error messages related
to this, or the dialog box does not contain afile with this name, you will have to try the other approach
listed below.

4. If the MLLSQ setup file was properly loaded, the Select Elements and Get Refer ences buttons will
both be dimmed.

If thisworked, go directly to step 5.
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What to Do if “Use ML Setup File” Doesn’t Work

A. If you get error messages when trying to load in the MLL SQ setup file, you can bypass this operation as

follows. From the MLLSQ dialog box, click on Select Elements. Thiswill open the periodic table

window again:
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B. The elements selected in the periodic table window should be exactly the same as those you set up using
the roi setup from before. Click on OK to return to the MLL SQ setup dialog box.
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C. Now click on the button Get References. Thiswill open a standard dialog box:
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Select the MLL SQ reference file that has the following form:
MLLSQ RefsLink Be Xx-Xx-Xx
Click on Open. Thiswill load in the MLL SQ references and will return you to the MLLSQ dialog box.

5. You now need to select the appropriate file(s) to save the MLL SQ fitting datato. Click on the button
Output Options. This brings up the following dialog box:
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6. There arethreetotal filesthat you can save MLL SQ fitting data to:
Name Binary DT SA file -- Master binary MLLSQ fit file. Can be used to generate the other files

Full Text Report (M SWord) -- Either normal or reduced output. Thisisatext filewith MLLSQ fit data
in aform convenient for reading.

Spreadsheet -- Either Normal Spreadsheet Output, Extended Spreadsheet (Bulk Target), or Extended
Spreadsheet (Thin Target), as appropriate for the type of sample. Y ou will have the choice of Excel,
Kaleidagraph, or Statview creator tag for the file, which is a tab-delimited spreadsheet file in text format.
Thisfileis not convenient for reading, but is appropriate if you wish to plot fit parameters.

Note that these files have duplicate information, but the datais saved in different formats. Itis
recommended that you just use the Name Binary DT SA file, asthisfile can later be used to generate the
datain the other file formats.

Click on the checkbox next to Name Binary DT SA file to select that format. A standard dialog box is
opened, as shown below:
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7. The default file name for the Name Binary DT SA fileis DT SA_CurveFitFile. You should add the
date to this name as shown above, as follows:

DTSA_CurveFitFile xx-xx-xx

Click on OK when you have edited the name. Thiswill return you to the MLL SQ output dialog box.
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8. If you so choose to save the MLLSQ fit datain the Full Text Report (M S Word) format, you will need
to check the checkbox next to Full Text Report (M S Word), and then to edit the file name for saving:
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The default file name for the MLLSQ text fileis FitResults TEXT. You should edit thisto contain the
date:

FitResults TEXT XX-XX-XX

Click on OK when you have edited the name. Thiswill return you to the MLL SQ output dialog box.



9. If you so choose to save the MLL SQ fit datain the spreadsheet format, you will need to check the
checkbox next to Spreadsheet, and then to edit the file name for saving:
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Y ou aso have the choices of Normal Spreadsheet Output, Extended Spreadsheet (Bulk Tar get), or
Extended Spreadsheet (Thin Target), aswell asthe creator tag for Excel, Statview, or Kaleidagr aph.

At thistime, Excel seemsto be the application with the most users.

It is recommended that you select either Nor mal Spreadsheet Output or Extended Spreadsheet (Bulk
Target), and Excel asthe creator tag. The default file name for the MLL SQ spreadsheet format is

whatever file name you selected for the Name Binary DT SA File, but with .Excel appendedtoit. Thisis

just fineasis.

Click on OK when you have edited the name. Thiswill return you to the MLL SQ output dialog box.
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10. If you selected al three output formats, the screen will look like this:
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Click on OK to return to the MLL SQ dialog box.

11. This completesthe MLLSQ setup procedure. Click on OK to return to the DTSA main window.



Set Up the Citzaf Quantitation Program

After you have set up the MLL SQ fitting routine and loaded in your MLL SQ references, you need to set up

the Citzaf correction program. The MLLSQ fitting routine will fit your sample EDS spectrum to the

standard references in order to obtain the K-ratio. This K-ratio isthen passed to the Citzaf program, which
performs the ZAF or PRZ correction to calculate concentration units for the elements. These instructions

will guide you through setting up the Citzaf program.
1. From the DTSA screen, from the Analysis menu select:
Citzaf Quantitation>Setup Citzaf Analysis

Thiswill bring up the Citzaf Quantitation dialog box:
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2. Click on the button Use a Setup File. This opens a standard dialog box:
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3. Select the appropriate Citzaf setup file. 1t will have a name of the form:
Citzaf Setup Link Be Xx-xx-xx

Highlight the file name and click Open, or just double-click on the file name.

4. Thisreturnsyou to the Citzaf Quantitation dialog box. The buttonsfor Setup an Analysis and Save the

Setup Filewill be dimmed:
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5. Click on the button Accept the Setup to continue.

box shown below:
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6. Theradio button labeled Citzaf should be selected. Thisisthe normal Armstrong PRZ correction that is
used for silicates and oxides. While you may choose other correction schemes in this dialog box, you
really should stick with the Citzaf selection for routine work.

Click on Accept to continue. Thiswill open the following Setting the Printout Conditions dialog box:
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7. The Output to Disk selection must always be selected. Currently you should use the Full Output
setting (thisisthe normal data output, with element data on each row for one analysis at atime), but “soon”
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the Compressed Output selection will allow you to generate data in the spreadsheet format (datain
columns, with each sample on arow).

If you select Compressed Output, the dialog box changes to the following:
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For now, select Full Output.

8. The checkbox Output ZAF Correction Factorswill enable ZAF correction factorsto be printed. This
is enabled by default.

9. The checkbox Output Compositions of Standar ds should be checked if you would like for the
compositions of the primary calibration standards to be printed out. Thisisrecommended if you later need
to know what the standard compositions were.

10. The checkbox Output Mass Absorption Coefficient Tables should be checked only if you want to
have the mass absorption coefficients printed out. For normal work there is no need to inspect these, but
for analytical systems with large absorption correctionsit is agood ideato look over the Mac values. For
normal work you should leave this checkbox unselected.

11. When you have finished selecting the output formats, click on Accept to continue.
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12. You are now presented with the dialog box that will be used to name the Citzaf datafiles:
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Two fileswill be generated:

<name>.din Thisisthe Citzaf datain file, which is used by the Citzaf program to read in data at the
beginning of the correction. The program appends the .din extension to the name.

<name>.zaf Thisisthe Citzaf file that contains the corrected analyses from your analytical run. The
program appends the .zaf extension to the name.

The default name for these filesis DataFile. Y ou can change this name if you wish. It is recommended
that you use one of the following forms:

DataFile Xx-Xx-Xx The files produced will be (for example):
DataFile 10-31-96.din and
DataFile 10-31-96.zaf

<L asthname> XX-XX-XX The files produced will be (for example)

Carpenter 10-31-96.din

Carpenter 10-31-96.zaf

Note: If you just use “DataFile’, and there are already files named “ DataFile.din” and “ DataFile.zaf”, they
will be overwritten by DTSA with no warning! Thisiswhy you should generally avoid just using default
file names.

Edit the file name as suggested above, and click on Save to leave the dialog box.

There will be a pause while the Citzaf program calculatesinitial parameters for the correction. After this,
you will return to the DTSA main screen. This completes setting up the Citzaf correction.
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How to Set Up the EDS Acquisition Parameters

The DTSA program isinterfaced to the 4Pi electronics and the Link EDS detector by means of a plug-in.
The parameters that control the acquisition of EDS spectra can be accessed from the Acquire menu.

1. From the Acquire menu, select Har dwar e Setup, and the plug-in DT SA_SpectralEngine.xx.
(Currently we are using a .68k driver). Thiswill open up the following dialog box:
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In this dialog box, the only thing you should edit isthe field for Acquire Live Time. Thisis used to set the

count time for an EDS acquisition. It is recommended that you use at least a 60 sec acquisition for

guantitative EDS analysis, but you may use a shorter time if you are just doing qualitative analysis (i.e. just

acquiring a spectrum).

Note: It isnot required that you acquire your sample spectrum for the exact same time as the standard

spectrawere acquired for, because DTSA will correct for the live time differences during correction (thisis

asimplelinear scaling that is performed).

Verify that the other fields have the following values:
Pulse Processor Type -- This should be Oxford 2040
Gating Polarity -- All low

Lower leve discriminator -- 10 channels from zero

Spectrum Offset -- 10 channels from zero

eV per Channel -- Must be set to 10 eV (The energy calibration will be incorrect if thisis not set to 10)

2. Edit the AcquireLive Timefield to set the acquisition time you desire. Click on OK to leave this box.
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3. The default spectral memory that DTSA will put the acquired EDS spectrum into should be the Work

spectrum. To verify that thisis the case, from the Acquire menu, select Assign Display. Thiswill open up

the following dialog box:

372 a4 T g

o ) s | Psa T CINER 81 Palnt
- E m Sosctiram la
Mmivg ) van |t
= 5 & Canand Horis
kx| codcauva | () Comtramct Horts

Sebert Seertrem. |

Beain ) Copy W | Ot Yart ‘
“asire | Copy s | 0 Commmar Ve el pary =)

T ) ke Cinm i) Janiee)

4. Verify that Work isselected. The plug-in DTSA_SpectralEngine should be selected in the pop-up

menu. Click on OK to leave this dialog box.
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This completes the EDS acquisition setup procedure. Y ou may return to this to change the EDS acquisition

time at any point in your analysis. The new acquisition time will be placed into the spectrum header as

acquisition takes place.
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How to Acquire an EDS Spectrum

This section details how to acquire an EDS spectrum. It is assumed that you already have the standard in
the SEM, or that you are looking at a sample. For quantitative analysis the absorbed current needs to have
been set to 400 pA as measured on the Fayalite standard. The Camscan needsto be in fixed beam mode so
that you are acquiring an EDS spectrum from a spot, rather than rastering the beam over different phasesin
your sample. (Exception: you may wish to use arastered beam at high magnification if your sampleis
easily damaged by the beam, or you wish to integrate over an area of the sample).

1. If the acquisition time has not been set, go to the section Setting Up the EDS Acquisition Parameters
and set it now.

2. Select the location that you wish to analyze using the cursor on the SEM screen, then use the orange [X]
button to put the Camscan in fixed beam mode. Y our are now ready to acquire!

3. You can start the EDS acquisition in either of two ways:

a. Use Option-Command-A on the Macintosh. (Press and continue to hold the Option and Command
keys, then press the A key to start acquiring).

b. Select Clear/Start from the DTSA Acquire menu:
Assign Display(s)

Hardware Setup p
Assign Meters »

Stop ¥B
Continue *o
Clear/Start %4
Stop All ¥ =
Continue Al ¥

Clear/Start All  3%Q

Automation Setup

4. The DTSA program will show the current number of Live time seconds on the main control window,
and will acquire until the preset time has been reached:

Real 0 s
Live 0 s
Dead k 08
1] 1]
|hput B0utput

The program will continue to update the display during the acquisition. When the live time clock reaches
the preset, counting stops (this can be determined by looking at the live time value). You've acquired a
spectrum!



How to Identify and L abel X-ray Peaks

Manual Indexing of KLM Lines

Thisis an optional step during quantitative analysis. At any time you may use the KLM marker linesto
manually index the x-ray peaksin your spectrum.

1. The currently selected element for which KLM markerswill be shown isin the yellow rectangle at the
upper right of the main DTSA screen.

2. The master switch for KLM marker display isin the main control window:

I Peaks+Esc+Sats r

The KLM markers are actively displayed when the button has “ Off” in it (i.e. that button is ready to turn off
the KLM display). If the button has*On” init, you should click the button to turn on the KLM display.

3. There arethree waysto call up the KLM markers for the desired element:

a. Typethe element symbol on the keyboard. For two letter symbols, type both letters (Na, Mg, etc.), but
for single letter symbols (K, P, S, etc.), you need to type the first letter and then pressthe return key. You
will get the Americium symbol if you screw up, so just start over.

b. Usetheleft and right arrows on the keyboard to cycle through the KLM markers one element at atime.
Hold down the arrow to move faster.

c. Click onthe blue KLM left and right arrows to move the KLM markers. Click once to move one atomic
number, hold the mouse button down to move continuously.

Labeling X-ray Peaks

You can label peaks manually or let DTSA do it for you. DTSA does a spectrum deconvolution in order to
locate the energy maxima of peaksin the spectrum.
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1. Onthe main control window, click on Peak ID. The main control window will change to look like the
bottom of this screen:
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Thisisthe control window for peak identification and labeling procedures. This shows an EDS spectrum
of McGetchin garnet, prior to peak identification and labeling.

Note: All the proceduresin this section on peak labeling require that you enter the Peak 1D mode from
DTSA.

Automatic Peak | dentification and Labeling

1. Tolet DTSA do al the dirty work, click on the button Auto Peak Label. The program will go through
a short deconvolution procedure, and will then superimpose text |abels on the screen.
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This was done for the McGetchin garnet spectrum, and the results are shown below. This garnet contains
both Cr and Mn, and the Cr Kb line overlaps the Mn Kaline (this is the typical transition element
interference). The KLM markers for Mn have been called up to highlight the fact that the peak in question
isdue to both Cr Kaand Mn Kb.
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Nobody’s perfect and you should expect some mislabeling, especially when you have overlapped peaksin
your spectrum.

Manual Peak | dentification and Labeling

To manually label a peak:

1. Either type in the element symbol or use the left and right keyboard arrows to call up the appropriate
KLM marker.

2. Select theradio button Select Family for the appropriate x-ray line you want to label (i.e. select K if you
aretrying to label aK-line x-ray).

3. Move the mouse to the KLM line you want to label and click at the position on the screen where you
want the label. Three possibilities: success, nothing happens (you have the wrong family selected for the
line you aretrying to label), or wrong label (you are a bit off with the mouse position relative to the KLM
line).

4. Y ou can move the label up or down by placing the mouse cursor over the peak labdl (it turnsto a hand),
and dragging the label up or down. These will be the positions on the printout of the spectrum.

5. You can label just one peak at atime by setting the L abels/Family radio button to one, or you can get
several peaks (some) or all peaks (all) in the family labeled.

Deleting Peak Labels
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To delete a peak |abel:

1. Select the Clear one Label radio button to clear one label at atime. When you click the mouse on the
l[abel it will be deleted.

2. Select the Clear one Family radio button to clear the entire family for agiven element. When you click
the mouse on any label all of that family will be deleted.

Loading or Saving Label Sets

1. Toload aset of peak labels, click onthe Load L abels button. Select the DTSA peak labelsfile you
wish to use from the standard file dialog box, and these peak labels will be loaded (sometimes this has to be
the only thing you do in the Peak 1D window, so leave and come back to do this).

2. To save aset of peak labels, click on the Save L abels button. Name the peak file appropriately (a
summary of the range of elementsisastart, like “Peak Lbls Na-Ni").

48



How to Print an EDS Spectrum

Y ou can print the currently displayed spectrum to the laserwriter. The spectrum will be printed asit is
displayed, with whatever labels you have put on the peaks, with the current KLM marker lines for whatever
element has been selected, and at the current scale. So adjust any of these parameters before you print the
spectrum to make it look the way you want it to. The spectrum will also have the experiment and spectrum
header information printed at the bottom of the page, so this information should be edited if necessary.

Set Up the Printer and Print ‘Displayed’ Spectrum

From the File menu, select this option to set up the printer and print the currently displayed spectrum. Note
that the spectrum is a color document, and you need to select Color/Grayscale printing from the laserwriter
dialog box (click on the button labeled “Options’ to select color/grayscale vs. black and white). 1f you
print the spectrum in black and white, some colors will be dithered and will appear this way on the printout.
Print ‘Displayed’ Spectra

This selection from the File menu will print the currently displayed spectrum using the printer settings
currently selected.
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Editing the Spectrum Header

After you have acquired your EDS spectrum, you need to edit the header of this spectrum so that it has the

correct information. It isvery important to edit the first header properly, because some parameters are

copied automatically to subsequent headers.

1. From the Headers Menu, select Spectrum Header. This brings up the following screen:
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2. Verify that the date and time are correct. These values are picked up from the computer at the time of

acquisition.

3. Enter atitle or comment for this spectrum in the text edit box. In the example shown, the mineral name

and the conditions of analysis have been entered. Thefirst part of thistitle will be passed to the Citzaf
program for the analysis label, and it will also be displayed under the spectrum when it is displayed or
printed by DTSA. You can type along title, but only thefirst part will be seen by some parts of the

program, so put the most important information first.

4. The beginning and ending (probe) current should be entered as 0.4 nA (i.e. 400 pA, unlessyou are
using adifferent current). Make sure that the uA radio button is not selected. Do not enter the actual
absorbed current from your sample (remember that absorbed current is afunction of average atomic

number and so will be different from sample to sample). If you make a mistake entering this information, it

will be propagated to all other spectra, and you will have to edit them all. It isused to calculate x-ray
intensity in counts per second per nanoamp, and if it iswrong it will screw up the analysishigtime. Itis

best to set it to a constant value for all spectra.

The probe current is not read by DTSA from the SEM, and we will set all spectra to the same current value.

You will correct for probe current drift by setting the C1 fine condenser lens on the SEM. (The only

exception to thisisif you are using the faraday cup on the sample mount to measure the probe current for

each spectrum. Then you will enter that value).

5. The Acquisition time should have been entered properly by DTSA at the conclusion of the live time

acquisition. Do not change this value.
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6. For bulk specimens, the Specimen Thickness should be entered as 100 mm. Here 100 mm was used to

make sure that only bulk x-ray correction is used. Used for generating spectra, not used for MLLSQ.

7. Specimen Density should be set if you know it, otherwise set it to atypical value for the run. Used for
generating spectra, not used for MLLSQ.

8. X Position and Y Position are not used.

9. The Specimen Class should be set to bulk. Used for generating spectra, not used by MLLSQ.

10. Click onthe Detector Geometry button to open the following dialog box.
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Thisiswhere the Specimen-Detector Distanceis set. The Link detector at the analysis position is 60 mm
from the sample. Enter 60 in the edit field, and it will be the default value for all subsequent spectra. The

X and Y tilt settings should beleft at 0. Click on OK to leave this box.
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11. If thisisastandard, you should click on the Composition | nfor mation button to enter the following
dialog box where you enter the compositional information for this spectrum. Thisinformation is not used
by the MLL SQ or the Citzaf program, but it is useful if later you wish to do a Simplex fit and use this
material as a standard.
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In this example, the Cit Standards Database file was opened using the L oad Database button, and the
appropriate standard entry is selected and used to load the composition information directly into the edit
boxes on the left. Otherwise the composition data is entered manually. If the spectrum is a standard, the
Specimen isa Standard checkbox should be selected.

Important information! Silicate and oxide compositions should be entered as oxide weight fraction,
because DTSA picks up the valence from the oxide formula. If you enter the weight fraction and valence
data separately, DTSA seemsto not really get the whole story.

11. Click on OK to return to the Spectrum Header dialog box.

12. Click on OK to return to the DTSA screen.

This completes the edit of the spectrum header.
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Saving the Spectrum to the Experiment File

The EDS spectrum needs to be saved to your experiment file. When you save the first spectrum, DTSA
will ask you if you want to append the spectrum to an old experiment file, since you have not set up your
experiment for saving, only for reading. After thefirst spectrumis saved, DTSA will append all the other
spectraonto the experiment file.

1. From the DTSA main control window, click on Save Work. DTSA will bring up a message box
informing you that you have not selected afile to save to, and to click on OK to append to an old file. Do
S0, and select your experiment file to append to.

After DTSA finishes saving the spectrum, the spectrum number isincremented and displayed below the
spectrum on the DTSA screen.

For all subsequent saves, you just click on Save Work and thereisno dialog involved. DTSA will beep to
let you know that it properly saved the spectrum.

Incidentally, to determine which files are open for DTSA to read from and to write to, select Show the
Active DT SA Files from the File menu.
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Do aFit

After you have acquired your EDS spectrum and saved it to your active experiment file, you are ready to
have DTSA perform the fit using the fit procedure that you set up (it could be either MLL SQ or Simplex,
here you are using MLL SQ), then perform the ZAF correction (using either the NIST ZAF or Caltech
Citzaf correction routines, here you are using Citzaf), to finally give you the concentration output for your
analysis.

It isimportant for you to completely set up the MLL SQ procedure before setting up the Citzaf correction
procedure, and to not do afit in between. In other words, if MLL SQ has been setup, and you do afit before
setting up Citzaf, DTSA thinks you just want fit datainstead of the full correction sequence. If you follow
these directions and you don't get an analysis, then you did not set up MLLSQ and Citzaf correctly, and
you should go back and do it right.

Important -- After you Do a Fit, you must click on Add Fit to write the analysis to the disk file.

1. To have DTSA perform the MLLSQ fit, followed by the Citzaf correction, simply click on the button
Do aFit. Thiswill bring up awindow as shown below:
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Thisisthe “normal” Citzaf output format. This output has the sample name (currently just “ sample temp”,
but the label from the Spectrum Header is saved to the disk fil€), accel erating voltage, x-ray takeoff angle,
and the compositional information. This consists of:

a. The element symbol for each analyzed element. Oxygen by stoichiometry should appear at the bottom
of thelist (currently not shown).

b. K-value. Thisisthe K-ratio relative to a pure-element standard, as calculated by the Citzaf program
from the K-ratio relative to the primary standard and the correction factor for the primary standard relative
to a pure element.

c. K-(std). Thisisthe K-ratio relative to the primary standard used for calibration, i.e. the microprobe
standard used for x-ray intensity measurement and for which the composition was entered in the Citzaf
program for correction.

d. El Wt%. Thisisthe element weight percent data for each analyzed element.



e. Ox Wt%. Thisisthe oxide weight percent data for each analyzed element, that is, the concentration of
the element expressed as an oxide (oxygen is calculated by stoichiometry).

f. Norm El%. Thisisthe normalized element weight percent data, relative to the analytical total.

0. Norm Ox%. Thisisthe normalized oxide weight percent data, relative to the analytical total.

h. Atom Prop. Thisisthe atomic proportion data, which is the cation proportion calculated on a 24 oxygen
basis (i.e. the mineral formula on a 24 oxygen basis).
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Add Fit

After you Do a Fit, you must click on Add Fit to write the analysis to the disk file. These two operations

are kept separate because it is possible to fit a given spectrum in several ways in other parts of the DTSA

program before selecting the fit that you want to add to the fit file.

1. Click on Add Fit to add the fit results to the fit file you selected earlier, and to also write the analysis
datato the Citzaf .zaf file.

The normal Citzaf format for a single analysis written to the .zaf file looks like this:
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End of Analytical Run

At the end of your run, you need to do the following:

1. From the File menu, choose Deactivate any Quant Analysis. Thiswill tell DTSA that you are through
adding analysis data to your output file.

2. (Currently) You need to quit the DTSA program, because the output fileis marked asin use by DTSA.

3. Make afolder named with your last name and the date and put it in the folder Temporary Storage
Only.

4. Moveyour andysisfilesfrom the .Sem Work Areafolder into your folder that you just made. You
should move only the files that you generated in your run (those with your name as part of the file name).
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Setting up a MLLSQ Analytical Run -- Custom
Elements (Advanced Users)

This section covers setting up an analytical run using the MLLSQ fitting procedure and the Citzaf
correction program without using preset files. Familiarity with DTSA isassumed. The main differences
for this procedure are that you will select a custom set of elementsin the MLL SQ and Citzaf dialogs.
Much of the other procedures are the same, and you are referenced to those sections.

Set Up Camscan SEM
Follow the proceduresin the section Set Up the Camscan for Quantitative EDS Analysis.
Set Up DTSA

Follow the procedures outlined in the sections:
Make a Copy of the Empty DT SA Experiment File
Launch or Select the DTSA Program

Make Your Experiment the Active Experiment File
Edit the Experiment Header

Setting Up the Regions of Interest (ROI) -- except you will set up the auto peak ROI’ s for the custom
element list:

Click on the ROI button to enter the dialog for roi set up.
Click on Auto Peak Rois. The periodic table will come up.

Click on Clear All to delete all ROI’ sthat have been set up. First begin with the K family (make sure the
K family radio button is selected). Select the element symbol for all MLLSQ references that use K-lines.
If you have L family lines that are references, next select the L family radio button and select the element
symbol for al referencesthat useal line. Repeat again for and M family references that you will use.
Remember that you must have aMLL SQ reference in the file for any of these elements. Finish by leaving
this dialog and the ROI dialog box. Remember that you must have MLLSQ references and Citzaf
standards that can be used for the elements you choose.

Setting Up Multiple Linear Least-Squares (MLL SQ) -- except you will set up MLLSQ for the custom
element list, and it must be the same as the elements set up in the roi procedure:

Click on the ML L SQ button to enter the dialog box.

Click on the Select Elements button to again verify that the element list has been set up properly, and leave
this dialog when done.

Click on Get References. Thiswill open up a standard file dialog box and you will select the MLLSQ
reference file that you will use.
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If there is any error message of the form “ROI # requires areference for XX (k,I,m)...we could skip those
etc.” this means that you have attempted to load in a reference that does not exist. Typically thisis because
you aretrying to load inan L or M line for areference that only hasaK line. The solution isto start over
with MLLSQ and set the list up properly.

Click on Output Options and set up the output that you want to use. At aminimum you need to set up a
Name Binary DT SA file, as you can always generate the other files from this one. Remember to append
the date to the end of the default file names so that you do not overwrite another file. Follow the detailed
instructions in the section on Setting Up Multiple Linear L east-Squares (ML L SQ) for more information.

Click on Save ML Setup to savethis setup file for further use. Y ou should name thisfile using the
following form:

MLLSQ Setup Link Be XX-XX-Xx
to indicate the window type (Be or TW) and the calibration date this file uses.
Leave the MLLSQ dialog window when you are done.

This completes setting up the MLL SQ fit.
Setting Up the Citzaf Quantitation Program for Custom Elements

Thisis an expanded section on how to set up the Citzaf program for your custom element setup.

After you have set up the MLL SQ fitting routine and loaded in your MLL SQ references, you need to set up
the Citzaf correction program. The MLLSQ fitting routine will fit your sample EDS spectrum to the
standard referencesin order to obtain the K-ratio. ThisK-ratio isthen passed to the Citzaf program, which
performs the ZAF or PRZ correction to calculate concentration units for the elements. These instructions
will guide you through setting up the Citzaf program.
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1. Fromthe DTSA screen, from the Analysis menu select:
Citzaf Quantitation>Setup Citzaf Analysis

Thiswill bring up the Citzaf Quantitation dialog box:
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2. Click on the button Set Up an Analysis. This opens a non-standard dialog box located at the bottom of
the screen. Click on the button Open Stds File and a standard file dialog box will open up as shown below
(the Open Stds File button is shown at the lower right, and the standard file dialog box is in the upper left
center of the screen):
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3. Select the appropriate Citzaf standardsfile. It will have a name of the form:
Citzaf Standards Link Be Xx-Xx-xx

Highlight the file name and click Open, or just double-click on the file name.
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4. Thiswill open up awindow as shown below, which isalist of Citzaf standardsin the file you opened.
This window contains the name of the standard (actually it is the spectrum title that was saved when the
Citzaf standard was crested).
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5. When you double-click on the standard you want to use, it will bring up another dialog box that allows
you to choose which elements this standard is to be used for. In this example, the standard chosen is
Ameliaalbite, which will be used for Na only. When the name is double-clicked, the following dialog box

opens up:
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The check boxes should be selected only for those elements that this standard isto be used for. Inthis

example, albiteisused for Naonly (Al uses Al,O; and Si uses SIO,). Click on the OK button in the central
window after selecting the elements from this standard.

Repeat this step for all the elements you are analyzing, and select the standard you wish to use from the

file. When you are finally done, click on the OK button at the lower right of the window that contains the

scrollable standard list.

6. After selecting the standards and the elements, the following dialog box is opened up. This dialog box
allows you to select how oxygen isto be treated; it should be calculated by stoichiometry, but you have the

option of doing oxygen by difference as well.
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Y ou should select the radio button Y es (next to the question about calculating an element by

stoichiometry). The default atomic number of this element is already set to 8 (Z oxygen is 8). Oxygen

should be calculated by stoichiometry.

Click on OK to leave this dialog box.

7. Thisbrings you back to the Citzaf dialog window. Click on Save the Setup Fileto save this custom

Citzaf setup:
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Y ou should save the setup file with a name as follows:;
Citzaf Setup Custom xX-XX-XX

Edit the default file name as shown above, make sure you are saving the file in the correct directory, and
click on Saveto exit.



8. Thisreturnsyou to the Citzaf Quantitation dialog box. The buttonsfor Setup an Analysis and Save the

Setup Filewill be dimmed:
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9. Click on the button Accept the Setup to continue. Thiswill close the dialog box and open the dialog
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r
Corveimion Fyecedwes

& oz
o VS PR
2 Pt/ Ducavd fxed
o Lowve-Scoex 19 2)

D Wrwrlet
o B (Vw0
o Barem PROIA 1
WA
O PP vemd led
O Faihwind & Beares (1RO

o YA e M

T Lk st Paint

MW | rean |
g | conanns |
e o

Y Copy Wik

“asire | Coppmn |

S ) demr )

LU m Zosctian ia
s S & Canand boris
L0 Commrmct Horls
O Exparnd Vert
0 Conmmcr Ve

L R

o e

65



10. Theradio button labeled Citzaf should be selected. Thisisthe normal Armstrong PRZ correction that

isused for silicates and oxides. While you may choose other correction schemes in this dialog box, you

really should stick with the Citzaf selection for routine work.

Click on Accept to continue. Thiswill open the following Setting the Printout Conditions dialog box:
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11. The Output to Disk selection must always be selected. Currently you should use the Full Output

setting (thisisthe normal data output, with element data on each row for one analysis at atime), but “soon”

the Compressed Output selection will allow you to generate datain the spreadsheet format (datain

columns, with each sample on arow).

If you select Compressed Output, the dialog box changes to the following:
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For now, select Full Output.

12. The checkbox Output ZAF Correction Factorswill enable ZAF correction factors to be printed.

Thisis enabled by default.

13. The checkbox Output Compositions of Standar ds should be checked if you would like for the

compositions of the primary calibration standards to be printed out. Thisisrecommended if you later need

to know what the standard compositions were.

14. The checkbox Output Mass Absor ption Coefficient Tables should be checked only if you want to
have the mass absorption coefficients printed out. For normal work there is no need to inspect these, but

for analytical systems with large absorption correctionsit is agood ideato look over the Mac values. For

normal work you should leave this checkbox unselected.

15. When you have finished selecting the output formats, click on Accept to continue.
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16. You are now presented with the dialog box that will be used to name the Citzaf datafiles:
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Two fileswill be generated:

<name>.din Thisisthe Citzaf datain file, which is used by the Citzaf program to read in data at the
beginning of the correction. The program appends the .din extension to the name.

<name>.zaf Thisisthe Citzaf file that contains the corrected analyses from your analytical run. The
program appends the .zaf extension to the name.

The default name for these filesis DataFile. Y ou can change this name if you wish. It is recommended
that you use one of the following forms:

DataFile Xx-Xx-Xx The files produced will be (for example):
DataFile 10-31-96.din and
DataFile 10-31-96.zaf

<L asthname> XX-XX-XX The files produced will be (for example)

Carpenter 10-31-96.din

Carpenter 10-31-96.zaf

Note: If you just use “DataFile’, and there are already files named “ DataFile.din” and “ DataFile.zaf”, they
will be overwritten by DTSA with no warning! Thisiswhy you should generally avoid just using default
file names.

Edit the file name as suggested above, and click on Save to leave the dialog box.

There will be a pause while the Citzaf program calculatesinitial parameters for the correction. After this,
you will return to the DTSA main screen. This completes setting up the Citzaf correction.
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Calibration -- How to Make MLLSQ References
and Citzaf Standards

This section outlines the steps necessary to set up DTSA for MLLSQ analysis using the Citzaf program
from scratch. Familiarity with DTSA isassumed. Setting up MLLSQ and Citzaf are two separate
operations and involve dightly different concepts.

MLLSQ

The MLLSQ references are peak profiles that are used in the MLLSQ fit. A material that has no other
peaks present in the vicinity of the peak(s) to be used for the MLL SQ reference must be used. For
example, anorthite (CaAl,Si,Og), apatite (Ca(PO,),, and wollastonite (CaSiO;) can all be used asMLLSQ
references for CaKa (and as Citzaf standardstoo). But aternary feldspar containing K cannot be used due
to the proximity of the K Kaand Kb peaks to Ca Kaand Kb, nor could any feldspar containing Cs or Ba,
since the L-lines of these elements partially overlap the CaKaand Kb peaks. These references should
ideally have alarge number of countsin the peak channels. The MLLSQ references are peak profiles of
the peaks to be used for fitting, and do not have any compositional information associated with them, so
strictly speaking they are not tied to a particular standard, although we currently use the same standard for
MLL SQ references and Citzaf standards.

Citzaf Standards

The “ Citzaf standards’ are created by first acquiring a spectrum on the standard to be used. The spectrum
header needs to have compositional data entered, and the checkbox identifying this as a standard needs to
be checked. This spectrum is then fitted using the MLL SQ references that have already been acquired on
the MLLSQ reference materials (Simplex fitting can also be used but not mixed with MLLSQ). Then the
Citzaf standard is created by running the Citzaf program using the fitted K-ratios from the MLL SQ fit and
the known composition from the spectrum header. The standard data (peak area and concentration data) is
then added to afile containing this data for other standards. So a*“ Citzaf standard” is the x-ray intensity
and compositional data for amaterial that has been fitted using the fitting references (either MLLSQ or
Simplex), then run through the Citzaf program.

Outline of Setup Procedure

In short, theway | do thisisto get the SEM stabilized with the standard mount to be used for calibration. |
setup the DTSA program and acquire al the spectra needed for the calibration (this includes a number of
secondary standards aswell). | try to acquire the spectra with minimum delay in between, so | do as much
DTSA processing later asisreasonable. The spectrum header isfilled out and the spectrum is saved to the
experiment file. Between each acquisition | go back to the fayalite standard and correct for drift. After the
spectraare al acquired, | am actually done on the SEM and do the rest off line.

| open the experiment file with all the spectra from this calibration run. | load in the spectrum for the first
standard that is to be used for MLLSQ, and follow the procedure for making a ML L SQ reference (check
header, setup rois, background subtract, rotate work and result, save reference to MLL SQ reference file).
Thisis done for each standard and reference. After all the references are made, | set up MLLSQ for fitting
(using all the references) and load in the spectrum for each material that is to be a Citzaf standard. The
spectrum is fitted using all the references, viathe Do a Fit button. Then | make a Citzaf standard and
inspect the results, and add the standard to a pre-existing file or create anew one. Thisis done for each
spectrum that isto yield a standard.
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So asyou can see, | first acquire and save all the spectra (with the spectrum header filled out), then make
all the MLLSQ references, then make all the Citzaf standards. | would suggest that you get familiar with
the MLLSQ and Citzaf procedures by first practicing with a calibration file that has been used to make the
references and standards already, then comparing your references and standards to those.

Set Up DTSA

Create a copy of the empty experiment file on the Macintosh.
Launch the DTSA program.

Open the experiment file and edit the experiment header so that all the correct information is entered. You
need to have decided on a probe current to be used, use 15 KV unless you must use a different voltage. If a
different accelerating voltage is to be used, enter thisin the experiment header. Edit the experiment
header when you are done. The resolution should be close to the current value for Mn Ka (currently 137
eV); thisvalueis only used to compare the resolution of the MLL SQ reference with that of the spectrum to
be fitted when doing analysis, it is not explicitly part of the MLL SQ fit.

Set up the EDS acquisition parameters so that the count time is appropriate for your calibration. A count
time of 100 sec or more should be used, but remember that drift in the probe current becomes a problem at
longer count times on the SEM.

Set Up Camscan SEM

Put the SEM standard block into the SEM and follow filament saturation, column alignment, and focusing
procedures. If an accelerating voltage different from 15 KV isto be used, set the instrument up at this
voltage (but be forewarned that thiswill not allow you to use any pre-existing calibrations done at 15 KV).

Go to the fayalite standard and set the absorbed current to 4 x 10° A (= 400 pA, or go to the Faraday cup
and set the current to approximately 5.08 x 10™° A = 508 pA). Alternatively, put whatever standard block
isto be used into the SEM and set the current as appropriate. These absorbed current values allow you to
use the other pre-existing standardizations.

Refer to the section on setting up the Camscan SEM for quantitative analysis for other information.

Acquire EDS Spectra on Standards

Go to thefirst standard you wish to set up a calibration on, and put the Camscan into fixed beam mode.

Acquire the spectrum on your standard for the desired time. 'Y ou should monitor the absorbed current
during the acquisition and repeat if there is excessive drift or spikes.

Fill out the spectrum header information for this standard:

The spectrum label should have the name of the standard and the acquisition parameters at the beginning so
that it is clear what standard and parameters were used. Make sure the beginning and ending current are
correct (default is 0.4 nA = 400 pA). The standard should be 100 mm thick and identified as class bulk.
The detector dialog should be entered and the detector-sampl e distance set to 60 mm. The composition
dialog should be entered. The Specimen is a Standard checkbox should be selected. The compositional
data should be entered for this standard so that it may be used to make a Citzaf standard at alater time.
Important -- If thisis asilicate or oxide standard, you should use the Oxide Wt. Fraction mode; you enter
the oxide (Al203, Si0O2, etc.) in the Z column and the oxide weight fraction (not weight percent) in the
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weight fraction column (DTSA uses the oxide formulato decode the valence, and it is really important to
do it thisway). If you wish, use one of the standard databases to either load or save the composition for
this standard.

Use Save Work to save this spectrum. If thisisthe first spectrum saved, you will need to identify your
experiment file asthe fileto save to. You should save all spectrayou acquire.

Acquire the spectrum, fill out the spectrum header, and save the spectrum for all remaining standards.

Creating MLL SQ References

Open your experiment file viathe File - Get Spectrum from Disk menu option. Verify that the
experiment header information is correct.

Y ou can review the procedure for MLLSQ references by selecting File - MLL SQ References > Flowchart
or File- MLL SQ References > Help.

Use the scan file or blue arrows to select the first spectrum to be used to make a MLLSQ ref.

Go to the spectrum header and verify that al parameters are correct. Important -- Thisisto be done now,
because it is difficult to troubleshoot bad reference problems later. Make sure the detector parameters, the
composition, and the probe current are all correct.

The step to create two background regions of interest is no longer necessary.
From the Math menu, select Background Subtract.

Click on Work Header Valuesinto BG Correct to transfer the spectrum header information into the
background correct entry box (if you don’'t do this you will be using incorrect values for the detector and
acquisition parameters). Verify that these are correct if you wish by clicking on Detector Parameters
button and reviewing the settings.

Return to the Background Subtract dialog box. Make sure that the Bulk target and Auto ROI radio
buttons are selected.

When you click on OK in the Background Subtract dialog box, DTSA will perform the background
subtraction, and puts the background subtracted spectrum in the Results memory (the original spectrum is
till in Work).

Click on Swap Work and Result in the main control window to put the background subtracted spectrum in
work. Deselect the Results display under the Display menu so that only the Work spectrum is displayed.
The background subtracted spectrum should have minimal curvature of the continuum, and the spectrum
should go to zero on both sides of the peak. Note that at low energy where the continuum shows maximum
curvature, the background subtracted spectrum will show some offset and some channels may not go to
zero. Thereis nothing that can be done about this.

Click on ROI then Clear all Roisto remove all selected rois. Select Peak Wipe and use the mouse to
select the peak of interest, starting afew channels from the peak on the low energy side, to afew channels
above the peak on the high energy side. Y ou have now selected the energy segment that will be used to
make the MLLSQ ref. Important -- you should draw the peak over al the family lines for this element (i.e.
use both the Kaand Kb lines for elements that have those lines resolved, and similarly for L-family lines,
all L-linesfor that element should be placed in the roi).

From the File menu, select ML L SQ References > New Fileif thisisthe first reference to be added to a

new file, or select MLL SQ References > Add Ref to add areference to afile that contains references from
thissamerun. The MLLSQ reference is now added to thefile.
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Repeat these stepsto make all the MLL SQ references.

Creating Citzaf Standards

Y ou need to have a complete set of MLL SQ references generated before you make Citzaf standards.
Important -- each standard must be fitted using all the MLL SQ references that you plan to use during
analysis. For example, let’s say that microcline (nominally KAISI;O,) isto be used asthe K standard. A
natural microcline will contain asmall concentration of Na, Ca, Fe, and perhaps Ba. The spectrum for
microcline must be fitted using the references for all these elements rather than just K, Al, and Si, because
there are detectable differences in the fit when the other elements are added. It isfor thisreason, and for
simplicity, that you should just set up the MLLSQ fit for all elements and use them all to fit each standard
asyou processiit.

Begin by opening up your experiment file. Use File- Get DT SA Spectrum from Disk to open your
experiment file.

Set Up Rois (Region of Interest)

Click on the ROI button to enter the dialog for roi set up.
Click on Auto Peak Rois. The periodic table will come up.

Click on Clear All to delete all ROI’ sthat have been set up. First begin with the K family (make sure the
K family radio button is selected). Select the element symbol for all MLLSQ references that you generated
that use K-lines. If you have L family linesthat are references, next select the L family radio button and
select the element symbol for al referencesthat use alL line. Repeat again for and M family references
that you will use. Remember that you must have generated a ML L SQ for any of these references that you
will next load in from the file. Finish by leaving this dialog and the ROI diaog box.

Set Up MLLSQ

Click on the ML L SQ button to enter the dialog box.

Click on the Select Elements button to again verify that the element list has been set up properly, and leave
this dialog when done.

Click on Get References. Thiswill open up a standard file dialog box and you will select the MLLSQ
reference file that you generated previously.

If thereis any error message of the form “ROI # requires areference for XX (k,I,m)...we could skip those
etc.” this means that you have attempted to load in a reference that does not exist. Typically thisis because
you aretrying toload inan L or M line for areference that you only generated aK linefor. The solutionis
to start over with MLLSQ and set the list up properly.

Click on Output Options and set up the output that you want to use. At a minimum you need to set up a
Name Binary DT SA file, as you can always generate the other files from this one. Remember to append
the date to the end of the default file names so that you do not overwrite another file.

Click on Save ML Setup to savethis setup file for further use. Y ou should name thisfile using the
following form:
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MLLSQ Setup Link Be XX-XX-Xx
to indicate the window type (Be or TW) and the calibration date this file uses.
Leave the MLLSQ dialog window when you are done.

This completes setting up the MLLSQ fit. You will use thisfit setup for al the Citzaf standards that you
will make.

Make the Citzaf Standard

The following procedure will be used to actually make the Citzaf standard. Y ou will do thisfor all
standards you wish to make, and the results will be saved to either anew file, or one that contains standards
you aready made.

Use the Select Spectrum controls on the main control window to select the spectrum of the standard you
wish to process (use the Scan File or blue arrows or the Fst or Lst buttons).

Verify that the spectrum header information is correct (labels, probe current, detector parameters,
composition). The compositional data must be complete, and the check box indicating that thisisa
standard must be selected. Any errors made or ignored here will become much more difficult to detect
later. Return to the main window when finished checking the spectrum header.

Click on Do a Fit to perform the MLLSQ fit on the spectrum. Inspect the spectra that were produced. In
particular, there should not be any unfitted peaks in the stripped spectrum, and the background should be
smoothly varying.

From the Analysis menu, select Citzaf Quantitation > Make Citzaf Standards. Thiswill openup a
(confusing) dialog box.

Click on Run ZAF on Work-Fit Results. Thiswill run the Citzaf program to calculate the pure element
X-ray intensity and process the compositional data from the spectrum header.

Click on either Start a New Standards File (if you are in fact starting a new standards file) or Open an
Existing Standar ds File (if you wish to add to afile already generated by you). A standard file dialog box
will come up and you should either enter the name of the file to save to, or open an existing file to append
to.

Click on Add Standard to the File. Therewill be no confirmation, but it will be saved properly to thefile
you chose.

This completes making a Citzaf standard for the first standard.

Select the next spectrum to be used to make a Citzaf standard and repeat the steps shown above. When you
select Citzaf Quantitation > Make Citzaf Standards the next time, the dialog box will contain the line
“A Standards File is Open” if afileis still open. Thisfilewill remain open until you quit DTSA, so you
don’t need to close it or save or anything like that.

This compl etes the creation of MLL SQ references and Citzaf standards.
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Key to Files Produced by DTSA

Here isakey to the files that may have been produced during your analytical run (the total list depends on
which selections you made for output):

DTSA_CurveFitFile

Thisisthe DTSA binary file for (MLLSQ or Simplex) fit data (you can’t read this file with any program
except DTSA). It can be opened from the File menu, select Fit Files> Output options. Thiswill allow
you to generate the text file and spreadsheet file of thefit data.

FitResults TEXT
Thisisthe DTSA text file containing the (MLLSQ or Simplex) fit datain atext file format. Y ou can read
thisfile with any text editor. The creator flag is set to MS Word.

DTSA_CurveFitFile.Excel

Thisisatext file in spreadsheet format for the (MLLSQ or Simplex) fit datain atab-delimited format. You
can load thisfileinto Excel. There are similar versions for Kaleidagraph and Statview. Note, the only
difference between these filesis the creator flag; they are al tab-delimited.

ML _Setup.Sav

Thisisthe default file name for aMLLSQ setup file. Thisfile contains the element list and the links to the
MLL SQ references for the elements chosen. Thistype of fileis chosen viaa standard file dialog window
and loaded into DTSA when you choose Use ML Setup Fileinthe MLLSQ dialog window. Thesefiles
should have a date appended to them since they are derived from calibration data from a master calibration
file

ZAF_Setup.Sav

Thisisthe default file name for aNIST ZAF or Citzaf setup file. Thisfile contains the standard
compositions and x-ray intensities for the elements and standards that were setup from either the NIST
ZAF or Citzaf portions of the program. These files should have a date appended to them since they are
derived from calibration data from amaster calibration file.

DataFile.din

Thisisthe Citzaf datain file, which is used by the Citzaf program to perform the Citzaf correction. It
contains the element list, analysis conditions, compositions of the standards and their pure-element
intensities, and the correction a gorithms chosen.

DataFile.zaf
Thisisthe Citzaf output file with the analyses from your run.

Spectrum.dat

Thisisthe default file name for asaved DTSA spectrum, or for aDTSA residual fit when the work file has
been fitted.
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About the Citzaf Program

CITZAF was originally developed by John T. Armstrong at the California Institute of Technology to enable
guantitative analysis of specimens using WDS or EDS x-ray data. The mativation for devel opment of
CITZAF was due to a desire to compare results from different correction algorithms, and to obtain full
disclosure of correction parameters, as well as dissatisfaction with results obtained from commercial
implementations of 'ZAF and '@(pz)' programs. The full implementation of CITZAF allows one to correct
X-ray data obtained by electron microbeam analysis by choosing from alist of available algorithms that are
documented in the scientific literature (i.e. various implementations of so-called 'ZAF', '¢(pz)', 'PAP, €tc.).
In addition to correction procedures used for the quantitative analysis of thick polished specimens, the
program also incorporates the Armstrong-Buseck correction procedure for analysis of thin films and
particles. Theoriginal CITZAF program was written in Quickbasic on the IBM PC, and provided for either
reprocessing of data already collected, or on-line correction of data received over the serial port of the PC.
More recently, Paul Carpenter has transated the original source from Quickbasic into ANSI C and split the
code into modules for ease of maintenance and future expansion of functions. This ANSI C versionisvery
portable, and has been developed and tested on the Apple Macintosh, IBM PC, and HP 400 series
workstation. It is currently also being checked out on Sun Sparcstation, and IBM RS/6000 workstations.
All calculations are performed to double precision to eliminate uncertainties due to representation and
roundoff error.

The Citzaf program has been added to the DTSA program as an optional correction procedure.

How do | Reference the Citzaf Program?

The Citzaf program has been under continuous development for years, and has been referred to in papers
related to quantitative analysis. Thereis now a paper describing the Citzaf program itself, which
documents the PC-version of the program. It also contains references pertaining to the myriad of
algorithms used in the correction procedures. Unfortunately the paper was published in ajournal that
recently folded, so it will not in general be available in the library. A copy of the paper ison filein the
analytical facility.

Thisisthe reference you should use:
CITZAF: A Package of Correction Programs for the Quantitative Electron Microbeam X-ray Analysis of

Thick Polished Materials, Thin Films, and Particles. John T. Armstrong, Microbeam Analysis, 4 (1995),
177-200.
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Description of Citzaf Output

(Correction factor info incomplete, need conformance with current Citzaf labeling)

Hereisapartia listing of an output file from the Citzaf program. Some comments have been included to help you
understand the output format.

Thisisthe banner for output. This establishes authorship and copyright, and licensing information. Thisis also where
the version of CITZAF isidentified.

————— ATZAFL V3.02 -- 15 Dec 88 -- J. Arnstrong, Caltech, Geol . Dept. -----
----- Qopyright, Galifornia Institute of Technol ogy, 1988

After the header, the specific corrections being applied to the data are listed. These corrections were described above
and can be found discussed in more detail in Armstrong (1991) and Pouchou and Pichoir (1991).

. PH (P2) ABSCRPTI ON GORRECTI ON GF ARVBTRONG P/ B) 1981/ MAS
... STQPP NG POMR QORRECTI ON CF LOVE & SCOTT
... BACKSCATTER QORRECTI ON CF LOE & SCOTT

. PH (0) EQUATION CF LOVE/ SCOTT

. MASS ABSCRPTI ON GCEFH A ENTS FROM A TZAF TABLES

Next are listed the accel erating voltage and the x-ray takeoff angle.

B = 15.0 Kgy, PS = 30.0 DEGRES

Next are a series of messages noting:

(1) Which measured x-ray lines are close to absorption edges of other elementsin the sample. When this occurs, thereis
significant uncertainty in the value of the mass absorption coefficient and in the absorption correction.

(2) Which x-ray lines would have more than a 25% absorption correction in their pure elements standard (and thus
probably avery large absorption correction in the measured samples); thisiswhen f(X) islessthan 0.75.

(3) Which x-ray lines are involved in the characteristic fluorescence correction
(4) Warning messages are a so printed out if mass absorption coefficients are not found for an element's x-ray linein the

binary datatables. This message can beignored if the element is not actually analyzed but assumed present at a fixed
concentration or calculated through stoichiometry or by difference.

Next are the elements treated in the correction. Thislist contains the element name, valence, and which x-ray line was
used for measurement (or how the element concentration was determined if by stoichiometry, difference, or fixed weight
percent).
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Hem Valence How concentration determ ned:

11 1 Measured K-al pha Iine.
12 2 Measured K-al pha Iine.
13 3 Measured K-al pha Iine.
14 4 Measured K-al pha I'ine
15 5 Measured K-al pha |'ine
16 6 Measured K-al pha |ine.
19 1 Measured K-al pha |ine.
20 2 Measured K-al pha Iine.
22 4 Measured K-al pha Iine.
24 3 Measured K-al pha Iine.
25 2 Measured K-al pha Iine.
26 2 Measured K-al pha |ine.
28 2 Measured K-al pha |ine.
8 2 Gal cul ated by stoi chi onetry.

Information about standardsis only listed if they are compound, i.e. not pure elements.

Intensities neasured rel ative to pure el enents unl ess ot herw se stated.

Next are the correction factors calculated for the various x-ray linesin their pure elements:

‘absfac’ is 1/f(chi) where:

'f(chi)": Theterm 'f(chi)' is the calculated ratio of x-ray intensity emitted fromthe pure element relative to those x-rays
generated in the pure element, both in a direction toward the detector. Thisisthe fraction of x-rays that are not absorbed
in the sample, but are emitted in the direction of the detector.

‘zedfac’ isalso called ‘zed-r/s':
‘zed-r/s: Theterm 'zed-r/s isthe product of 'stp-pow" and 'bks-cor' and is proportional to the atomic number correction
for the pure element (number of x-ray produced per electron per atom).

‘finfac’ isalso called ‘ zaf-cli’:
‘zaf-cli: Theterm 'zaf-c/i' equals 'zed-r/s divided by 'f(chi)' and is proportional to the 'ZAF' correction for the pure
element.

'stp-pow'": The term 'stp-pow’ lists the stopping power portion of the atomic number corrections for the pure elements.
NOTE: The absolute values of these numbers are not meaningful, since they do not include a number of constants (like
the charge of an electron and Avagadro's number) that cancel out when the ratio of stopping powers between pure
element and standard or sampleis calcul ated.

'bks-cor': Theterm 'bks-cor' is the electron backscatter portion of the atomic number correction for the pure elements. It
isthe ratio of x-rays produced in the pure element relative to those that would have been produced if no energetic
electrons scattered out of the sample. Theratio of backscattered electron corrections for the various elements in samples
or standards divided by these values yields the 'r-el' values listed above.

HEMENT  ABSFAC ZEFAC A NFAC STP- POV BKS QR

11 1.2522 4.1158 5. 1539 0. 2263 0.9313
12 1. 1900 3.9885 4. 7465 0.2317 0. 9240
13 1.1576 4. 0852 4.7292 0. 2246 0. 9175
14 1. 1261 3.9494 4.4474 0. 2309 0.9119

Next the table of mass absorption coefficientsis listed (if enabled for output).

Mass Absor ption Qoefficient Matrix
@lum: Z-line Row Z-absor ber

1332.5 6056. 7 1021.0 10166.6 9041. 8 770.1  4412.8 576.7  3729.2 12805, 6 8593.4  4109.1
715.6 256.8 582.8 4311 383.4 468.2 187.1 359.4 158.1 543.0 686. 1 157.0
74.1 250.3 60. 1 383.1 347.1 47.8 195.2 37.2 170.5 58.4 426.4 14.3
309.7 112.1 252.1 189.8 167.9 201.3 802.5 157.0 702.5 238.7 315.9 61.3

S T A Fe M My G Na K N Ba O
s 327.9 1490.6  3493.2 2502.1 2225.3 2824.6 1086.0  2168.1 917.8 3151.6 3663. 5 965. 6
T 3012 109. 1 245.2 184.7 163.4 195.7 780.8 152.7 683.4 232.3 307.8 59.6
A 503. 4 2288.0 385.7  3840.6 3415.6  4376.5 1667.0  3359.4 1408.8  4837.5 5512.0 1503. 3
Fe 113.9 382.5 92.5 710 62.8 3.7 298.7 57.4 261.0 89.2 646.9 22.2
M 143.1 478.7 116.3 88.8 78.6 92.7 374.1 72.2 327.1 111.7 689. 6 28.0
My 802.2 3646. 4 614.7 6120. 7 5443. 6 463. 6 2656.7  5409.1  2245.1 7709 5 7401.0 2432.8
[e:} 530.6 191.3 431.7 3211 285.5 346. 4 139.4 265.9 1189.8 518.1 115.8
Na
K
N
Ba
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Next are the compositions and correction factors for the standards. Here only the results for one standard are shown.

N --- Sandard: Albite P-103 (30 deg 15kv 400 pA on Fayalite)
BHBMENT K VALLE HBM W %

N 0. 04597 8.77
A 10.29
g 32.13
o 48. 81

TOTAL: 100. 00

HEMENT ABSCCR HUIR ZEHDOR  ZAFCR STP-PON BKS GR
N 1. 8406 0.9943 1.0421 1.9072 0. 2365 0. 9340

Next isthe analysis output for each sample.

Sample number and title from spectrum header, number of iterations required for convergence.

Column datafor:

a. The element symbol for each analyzed element. Oxygen by stoichiometry should appear at the bottom of the list.
b. K-value. ThisistheK-ratio relative to a pure-element standard, as calculated by the Citzaf program from the K-
ratio relative to the primary standard and the correction factor for the primary standard relative to a pure element.

c. K-(std). Thisisthe K-ratio relative to the primary standard used for calibration, i.e. the microprobe standard used
for x-ray intensity measurement and for which the composition was entered in the Citzaf program for correction.

d. El Wt%. Thisisthe element weight percent data for each analyzed element.

e. Ox Wt%. Thisisthe oxide weight percent data for each analyzed element, that is, the concentration of the element
expressed as an oxide (oxygen is calculated by stoichiometry).

f. Norm El%. Thisisthe normalized element weight percent data, relative to the analytical total.

g- Norm Ox%. Thisisthe normalized oxide weight percent data, relative to the analytical total.

h. Atom Prop. Thisisthe atomic proportion data, which is the cation proportion calculated on a 24 oxygen basis (i.e.
the mineral formula on a 24 oxygen basis).

Next are the correction factors for this analysis:

a. Abscor

b. Flucor.

c. Zedcor

d. Zaf-std

e. Stp-pow

f. Bks-cor

SAWPLE 1 Fayalite P-514 (30 deg 15kv 400 pA on Fayalite) 3 | TERATI ONS.

BEMENT  K-VALLE K- (STD B. W % OXW % NRVEL % NRMOX % AT PRP

Na 0.00034  0.00729 0.14 0.19 0.14 0.19 0.073

My 0.00052  0.00116 0.14 0.23 0.14 0.23 0. 067

A 0.00075 0.00176 0.14 0.27 0.14 0.27 0.063

S 0.09589  0.23815 14.28  30.55 14.18 30.34 6.075

P 0.00037  0.00239 0.05 0.12 0.05 0.12 0.021

IS 0.00057  0.00259 0.07 0.18 0.07 0.18 0.027

K 0.00062  0.00527 0.07 0.08 0.07 0.08 0. 020

¢} 0.00049 0.00153 0.05 0.07 0.05 0.07 0.015

Ti 0.00026  0.00046 0.03 0.04 0.03 0.04 0. 007

a 0.00139  0.00217 0.14 0.20 0.14 0.20 0.032

M 0.00036  0.00074 0.04 0.05 0.04 0.05 0. 009

Fe 0.48671 0.97143 53.35  68.64 52.99 68. 17 11. 414

N 0.00041  0.00080 0.05 0.06 0.05 0.06 0.010

[ 2 32.14 31.92 24.000
TOTAL: 100. 69

HBEMENT ABSCCR HUIR ZHDOR ZAFCR ZARSID  STP-PON BKS AR

4. 3402 0. 9980 0. 9710 4. 2061 2.2054 0. 2092 0. 8869
2.7629 0.9971 0. 9509 2.6196 1.9676 0.2111 0. 8857
1. 9644 0. 9930 0. 9825 1.9165 1.5336 0.2131 0. 8859
1.5633 0. 9961 0. 9569 1. 4900 1.2833 0. 2150 0.8875
1. 4902 0. 9943 0. 9909 1. 4683 1.2740 0.2170 0.8903

Torgg
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1. 3084
1.0792
1. 0515
1. 0155
1.0023
0. 9985
0. 9970
1. 0419

ZPgo=QR®

0. 9924
0. 9800
0. 9740
0. 9508
0.9167
0. 9999
0. 9999
1. 0000

0. 9673

0.9883
1. 0861
1. 0944
1.1176
1.1004
1.0917

1. 2559
1.0676
1.0122
1. 0486
1. 0055
1.1158
1.0970
1.1374

1.1683

0.9375
0.9726
0. 9433
1.0113
1. 0027
1. 0446

0. 2190
0. 2248
0. 2268
0. 2306
0. 2344
0. 2362
0. 2380
0. 2416
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F Keys and Keyboard Shortcuts

If the particular model Macintosh used by you has an extended keyboard with F keys and a numeric
keypad, then it is possible to use certain predefined keys to accomplish certain tasks. The assignment of
these keysisasfollows:

Numeric keypad "8" will do a Scale Up.

Numeric keypad "2" will do a Scale Down.

Flisakey which DTSA usesinstead of the option key. Because of the way the Macintosh event loop is
used in the program it was not possible to use the option key as used in many other programs. The F1 key is
used throughout DTSA to speed or slow the effects of certain other keys or arrow icons. See the individual
sections for a description.

F2 will rotate work and results. Remember that a rotate will not rotate the headers.

F3 will bring up the "periodic table" for the x-ray database.

F4 will print the spectral display.

F5 will Do aFit.

F6 will Add A Fit.

F7 will See A Fit.

F8 will clear the work spectrum.

FO will bring up Spectrum Header Dialog.

F10 will bring up the Experiment Header Dialog.

F11 will bring up the Read Sundry ASCII Formats.
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